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Summary
Retrofitting the UK domestic built environment presents an excellent
opportunity to improve its energy performance. However, retrofitting
homes is a complex challenge conflated by multiple factors. Due to
this complexity, a shortfall exists between the full potential and re-
alised adoption of energy efficiency measures in the UK, a phenomenon
termed the ‘Energy Efficiency Gap’. While a number of technical or eco-
nomic factors may help explain this gap, difficult to quantify factors,
such as social motivations, barriers, and viewpoints towards energy
are also significant and often under-emphasised in public policy. As
such, in order to improve the understanding of the Energy Efficiency
Gap and the uptake of future retrofit initiatives, this research adopted
a socio-technical approach that considered social and technical retrofit
factors together.
Specifically, this research collected data from interviews, questionnaires,
and a Q Study in the cities of Manchester and Cardiff, alongside a ques-
tionnaire that measured energy efficiency technology and behaviour
preferences. An original contribution to knowledge was using the data
to empirically identify motivations and barriers to adopting energy effi-
cient technologies, as well as identifying household viewpoints towards
energy use and linking them to retrofit technology and energy effi-
ciency behaviour preferences. As a result of this research, specific pol-
icy recommendations are presented to help promote energy efficiency
retrofits in the UK. This research was carried out as part of the En-
gineering & Physical Science Research Council and Sustainable Urban
Environment research programme, “Re-Engineering the City 2020-2050
Urban Foresight and Transition Management (RETROFIT 2050)”.
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1
1 | Introduction
This PhD was conducted as part of the Engineering & Physical Science Research
Council (EPSRC) Towards a Sustainable Urban Environment (SUE) research pro-
gramme, “Re-Engineering the City 2020-2050 Urban Foresight and Transition Man-
agement (RETROFIT 2050)”. The aim of the overarching research programme was
to illuminate challenging but realistic social and technological options for systemic
retrofitting of the United Kingdom’s urban built environment, specifically using
Greater Manchester and Cardiff/South East Wales as case studies. Manchester and
Cardiff are both cities of interest for retrofitting because “both have long indus-
trial histories, both have suffered decline in recent decades and both are seek-
ing to overcome this decline, regenerating themselves into modern, vibrant cities”
[RETROFIT 2050, 2012]. In support of this selection, the building stock in Manch-
ester and Cardiff also stands to benefit by systematic retrofitting, since as of 2012
there are still approximately 500,000 untreated lofts and cavity walls in Manch-
ester [Low Carbon Housing Retrofit, 2012], and only approximately 18% of homes
in Wales have cavity wall and loft insulation fitted [National Refurbishment Centre,
2012].
While retrofitting the UK domestic built environment presents an excellent op-
portunity to improve its energy performance; the scale of the challenge should not
be underestimated [Kelly, 2009, 2010]. Retrofitting homes is a complex task con-
flated by multiple factors, ranging from pure economics to subjective psychology
[Dixon & Eames, 2013; Institution of Mechanical Engineers, 2009; Kelly, 2009;
Lior, 2010; Stafford et al., 2012]. Such complexity invites inter-disciplinary col-
laboration and research. As such, in order to better understand how systemic
city-wide retrofitting can be promoted, this research adopted a socio-technical ap-
proach that considered social and technical retrofit factors together.
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Specifically, the original contribution to knowledge is empirically identifying
motivations and barriers to adopting energy efficient technologies in Manchester
and Cardiff, and linking those motivations/barriers to demographics [Pelenur &
Cruickshank, 2012a, 2013a]. A further contribution is identifying household view-
points towards energy consumption and linking them to retrofit technology and en-
ergy efficiency behaviour preferences [Pelenur & Cruickshank, 2013c]. As a result
of this research, specific policy recommendations are presented to help promote
city-wide energy efficiency retrofits in the UK.
Before introducing this research further, it is worth defining two important
terms used throughout the thesis: retrofitting and the built environment.
1.1 Definitions
The terms retrofitting and the built environment are both broad with multifaceted
definitions based on context. For example, the National Refurbishment Centre,
defines retrofitting as the installation of a specific energy efficiency measure; while
refurbishment is defined as the installation of multiple measures applied to the
home sequentially, or as part of a whole home solution [National Refurbishment
Centre, 2012]. For the purposes of this research, the term retrofitting is simply
defined as the installation of individual or multiple energy efficiency measures to
an existing building. An energy efficiency measure is any technology that improves
the energy performance of the home, such as loft insulation, advanced heating
controls, and renewable energy generation technologies.
Similarly broad, the built environment is defined as all buildings, places, and
settlements that are created or modified by people everywhere, for example: homes;
shops; schools; workplaces; hospitals; parks and recreational areas; and green and
blue spaces [The Government Office for Science, 2008].While physical character-
istics partly define the built environment, it is also shaped by the way in which
people use it, and both aspects evolve over time [The Government Office for Sci-
ence, 2008; Tweed & Sutherland, 2007]. As such, this broad definition allows for
a wide range of research topics on multiple built environment themes. For exam-
ple, a bridalway may be the subject of both social cultural heritage research, and
geo-technical soil surveying. Therefore, in order to delimit a more focused scope
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of research, this thesis specifically investigated improving the uptake of energy ef-
ficiency retrofits in the domestic built environment using Manchester and Cardiff
as case studies, i.e., improving the energy performance of existing city homes.
1.2 Thesis structure
This introductory chapter defines the rationale for the research and sets out the
thesis context, research questions, and problem definition.
Chapter 2 is the literature review that examines the extant scholarship relevant
to energy efficiency retrofits in the domestic built environment. The literature
review is multi-disciplinary and synthesises multiple strands of research relevant to
home retrofitting, including: engineering; sociology; psychology; and economics.
Chapter 3 presents the research design in two parts, first by theoretically out-
lining the research philosophy and methods, and second by describing the practical
implementation of the design.
Chapter 4 outlines the combined and individual results based on research method
and location (Manchester and Cardiff).
Chapter 5 then discusses the implications and significance of the results, with
respect to the wider UK as well as comparing and contrasting between Manchester
and Cardiff.
Finally, Chapter 6 presents the conclusions and recommendations to the target
audience. By better reflecting the relationship between households and energy
use, the aim of the research is to recommend ways to improve the effectiveness of
future retrofit programmes.
1.3 Problem overview
Retrofitting the UK domestic built environment presents an excellent opportunity
to cut CO2 emissions, reduce national energy demand, and improve building per-
formance [Kelly, 2009; Stafford et al., 2012]. Currently, the heating and moving
of air and water, and the use of appliances in existing homes accounts for 27%
of all the anthropogenic carbon emissions in the UK, and an estimated 72% of
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household energy is used for space and water heating [Defra, 2007; Department
of Energy and Climate Change, 2012b; Kelly, 2009, 2010]. However, retrofitting
the domestic built environment is a complex challenge, conflated by many factors
including the diversity of the building stock, range of occupant behaviour, and low
new-build rates [Dixon & Eames, 2013; Institution of Mechanical Engineers, 2009;
Kelly, 2009; Lior, 2010; Stafford et al., 2012]. The result is that there exists a
shortfall between the full potential and realised adoption of energy efficiency mea-
sures in the UK, a phenomenon termed the ‘Energy Efficiency Gap’ [Jaffe & Stavins,
1994]. In OECD countries, the energy savings loss due to the Energy Efficiency Gap
is estimated at 30% of the total potential energy savings of the measures [Weber,
1997].
While a number of technical or economic factors may help explain this gap,
difficult to quantify factors, such as social motivations, barriers, and viewpoints to-
wards energy are also significant and often under-emphasised in public policy [All-
cott & Mullainathan, 2010; Defra, 2008; Karvonen, 2013; Wilson & Dowlatabadi,
2007]. Therefore, a balanced approach that considers multiple factors together
may be an effective means to address the Energy Efficiency Gap [Lutzenhiser,
1992; Stephenson et al., 2010] . With this objective, this research adopted a socio-
technical approach that considered retrofit social and technical factors together; in
order to improve the adoption of retrofit programmes and the energy performance
of the domestic built environment.
1.4 Research aims
The primary aim of this thesis was to identify UK household perspectives towards
energy efficient technologies and behaviour, in order to help reduce domestic en-
ergy demand in the context of large UK cities. This was achieved by investigating
the motivations and barriers to adopting energy efficient technologies, as well as
identifying household viewpoints towards energy use and linking them to retrofit
technology and energy efficiency behaviour preferences. The overall significance
was to demonstrate a socio-technical approach to improve the uptake of future
retrofit programmes.
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1.5 Research questions
The research design and implementation were carried out to answer the following
questions in the context of large UK cities:
• What are the viewpoints that the general public have about energy use in
their homes?
• What are the barriers preventing households from adopting retrofit technolo-
gies and energy efficiency behaviours?
• What are the motivations driving households to adopt retrofit technologies
and energy efficiency behaviours?
• What associations exist between household viewpoints towards energy use
and their preference for various retrofit technologies and energy efficiency
behaviours?
By answering these questions and synthesising the results, recommendations are
presented to help UK cities address the Energy Efficiency Gap.
1.6 Target audience
The results, conclusions, and discussion are relevant to UK city-scale stakeholders,
specifically:
• Academics and researchers: this research is targeted at academics and re-
searchers investigating domestic retrofits in the UK, as well as social scientists
investigating attitudes towards energy use.
• Local city and county councillors: the results are relevant to local city scale
policy makers who are implementing retrofit programmes and policy.
• National government policy makers: at the national level, this research
is also relevant to policy makers who are coordinating retrofit policy and
initiatives. The results allow them to compare between two large UK cities,
and improve the implementation of national domestic retrofit policies.
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• Construction & built environment industry professionals: city planners,
engineers, architects, and urban designers who are all working to improve
the energy efficiency of the domestic built environment may benefit from this
research.
• Non-government organisations: domestic focused but non-industry and
apolitical organisations, such as the Energy Saving Trust, may also gain from
this research as it provides insights that can be used to improve retrofit and
resident engagement programmes.
1.7 Personal motivation
As a Chartered Engineer, the personal motivation to carry out this PhD was based
on two observations acquired from my MPhil research1 [Pelenur, 2010; Pelenur
& Cruickshank, 2013b], and from several years of working as a professional in
the energy utility industry. First, a great number of households waste energy ei-
ther through occupant carelessness or poorly performing building fabric. Second,
proven energy efficiency retrofits that are both cost effective and easy to install
are not widely adopted. As such, academic curiosity spurred the investigation into
this apparent paradox, ‘given that there is scope to improve household energy per-
formance, why are retrofit measures and energy efficiency behaviours not more
widely adopted?’
Methodologically, this research approached the problem with the underlying
belief that buildings don’t use energy; people do [Janda, 2011]. Hence, the re-
search methods focused on understanding household retrofit motivations, barri-
ers, and viewpoints towards energy use, as well as preferences towards energy
efficiency technologies and behaviours. The aim was to answer the research ques-
tions, and produce a balanced set of social and technical recommendations to in-
crease the uptake of retrofit measures, thereby improving the energy performance
of UK homes.
1MPhil Dissertation title: A study of energy management and its effect on well-being: can we
thrive by using less energy?
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1.8 Summary
In summary, this research was motivated by identifying ways of overcoming the En-
ergy Efficiency Gap in UK households. Practically, since the problem was conflated
by multi-disciplinary issues, a socio-technical approach was adopted. Specifically,
the research was conducted in Manchester and Cardiff, and investigated retrofit
motivations, barriers, and associations between technology/energy efficiency be-
haviour preferences and household viewpoints towards energy use. The conclu-
sions from this research may also be applicable to other large UK cities, and based
on the synthesis of results, a set of balanced recommendations are presented to
improve the effectiveness of future retrofit programmes.
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This chapter presents the extant scholarship relating to energy efficiency retrofits in
the UK domestic built environment. The purpose is to review the various academic
perspectives applied to understanding home energy performance, and highlight
the unique contribution this research makes within an identified knowledge gap.
First, the context is outlined with a discussion of the existing UK building stock
retrofit challenges and opportunities, particularly in Cardiff and Manchester, in-
cluding physical characteristics and building regulations. Following the context,
technical retrofit solutions are explored in the form of energy efficiency technolo-
gies, including a review of government policies in place to support their adoption.
The gap between the full potential and realised adoption of these technologies
(i.e. the Energy Efficiency Gap) is then discussed from various academic perspec-
tives. In order to address this phenomenon, a knowledge gap is identified for
more inter-disciplinary research that empirically considers both social and cultural
retrofit factors alongside traditional technical and econometric measures. Hence
to address this gap, the literature review concludes by presenting a socio-technical
Energy Culture model, specifically developed to link retrofit household barriers and
motivations with retrofit technologies and social attitudes towards energy.
2.1 Retrofitting theUKdomestic built environment
Among the many opportunities to study the built environment, this research specif-
ically narrowed its focus to retrofitting existing UK dwellings to improve their en-
ergy performance. As part of the RETROFIT 2050 research programme, the scope
of the study was further narrowed to dwellings in the Manchester Metropolitan
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District and the Cardiff Unitary Authority. Manchester and Cardiff are both cities
of interest for retrofitting because of their strong industrial histories and potential
for regeneration [RETROFIT 2050, 2012]. The building stock characteristics and
retrofit potential for the UK, Manchester, and Cardiff are described in the following
sections.
2.1.1 Building stock
With millennia of history, the UK’s domestic built environment now reflects a rich
range of diverse housing types, sizes and age. As of 2010, there were 26.59 million
households in the UK, with 22.19 million in England and 1.32 million in Wales
[Department of Energy and Climate Change, 2012b]. Figures 2.1, 2.2 and 2.3
present the segmentation of UK homes according to dwelling type and age over
time.
M
ill
io
ns
Figure 2.1: Housing stock distribution by type (millions)
Figure from: [Department of Energy and Climate Change, 2012b]
The building stock is also affected by a low demolition rate [Boardman et al.,
2005]. As a result, the UK domestic built environment is composed of a mix of
historical homes. Figures 2.1, 2.2 and 2.3 highlight how the proportion of existing
homes for all periods have stayed roughly the same, resulting in a varied housing
11
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Figure 2.2: Housing stock distribution by age to 2007 (millions)
Figure from: [Department of Energy and Climate Change, 2012b]
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Figure 2.3: Housing stock distribution by age 2008-2010 (millions)
Figure from: [Department of Energy and Climate Change, 2012b]
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stock [Department of Energy and Climate Change, 2012b]. The spike in the num-
ber of 1940s - 50s homes shown in Figure 2.2 and the dip in the 1960 - 70 homes is
due to the change in the housing survey that took place that year [Department of
Energy and Climate Change, 2012b]. While such a diverse building stock may be
culturally rich, this heterogeneity between housing type, size, and age contributes
to the complexity of the retrofit challenge [Stafford et al., 2012]. The result is
that UK homes are some of the oldest and most energy inefficient stock in Europe
[Energy Saving Trust, 2009; Meijer et al., 2009; Ward, 2008]. This heterogeneity
also conflates the application of technical retrofit solutions, since ‘one size fits all’
designs may not be appropriate, nor are they likely to meet the requirements of
all the occupants [Kelly, 2009; Tweed, 2013]. Examples of particularly difficult
challenges are homes with solid walls, no loft space, or no ability to connect to a
low cost fuel [Pelenur & Cruickshank, 2011b]. Since these homes cannot accom-
modate ‘standard’ energy efficiency measures, they are defined as ‘hard to treat’
properties by the Energy Efficiency Partnership for Homes (EEPfH) Fuel Poverty
working group [Energy Saving Trust, 2009]. While the Office of National Statistics
has no validated figures for hard to treat properties, an estimated 7m homes in the
UK are of non-cavity wall construction [Energy Saving Trust, 2009].
From an energy and emissions perspective, the existing UK built environment
accounts for approximately 50% of total UK energy demand [Lior, 2010], and
45% of its anthropogenic CO2 emissions [Kelly, 2009; Lior, 2010]. Specifically
for homes, the heating and moving of air and water, and the use of appliances
in existing homes account for approximately 27% of all the anthropogenic car-
bon emissions in the UK, and an estimated 72% of household energy is used for
space and water heating [Defra, 2007; Department of Energy and Climate Change,
2012b; Kelly, 2009]. As such, retrofitting the domestic built environment presents
an excellent opportunity to help the UK government improve the energy perfor-
mance of homes, meet its long-term emissions goals, and improve national energy
security [Dixon & Eames, 2013; Karvonen, 2013; Kelly, 2010; Zero Carbon Hub,
2013]. Looking at the energy demand trend over time, Figure 2.4 compares the
UK household energy consumption by end use from 1970 to 2012.
This Figure highlights the variability in space heating energy use, but over-
all the slow rate of change within the building stock as the profile within homes
13
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Figure 2.4: Household energy consumption by end use: 1970 to 2012
Source [Department of Energy and Climate Change, 2013a]
has remained fairly consistent, even though total energy consumption generally
increased over time. Apart from space heating, the other substantial differences
were a decreased use of energy for cooking followed by an increase in appliance
and lighting energy use. The discontinuity in 2010 was due to a new modelling
algorithm [Department of Energy and Climate Change, 2013a]. Since this break-
down of energy by final use is based on modelling, it is subject to uncertainty from
the data sources, and could vary by as much as 18% [Department of Energy and
Climate Change, 2013a].
The potential gains from retrofitting the domestic built environment are fur-
ther underscored by its low replacement rate. Currently, the housing replacement
rate is less than 1% per year [Department of Energy and Climate Change, 2012b;
Kelly, 2010; Sustainable Development Commission, 2006; The Government Office
for Science, 2008], resulting in an estimate that between 70% and 80% of exist-
ing homes between 2010 and 2020 will still be occupied and functioning in 2050
[Institution of Mechanical Engineers, 2009; Kelly, 2009, 2010; Ravetz, 2008; Sus-
tainable Development Commission, 2006]. As such, today’s hard to treat properties
will remain the future’s hard to treat homes, and without retrofitting, today’s poor
14
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performing properties will remain the future’s poor performing homes.
Overall, this research is focused on improving the effectiveness of retrofit pro-
grammes in a UK context. Additionally, since the studies were specifically con-
ducted in Manchester and Cardiff, it is relevant to investigate and compare their
building stock in more detail. The following sections describe and compare the
current building stock in Manchester and Cardiff.
Manchester and Cardiff building stock
The Metropolitan District of Manchester is one of the UK’s largest cities with an
estimated population of 503k and 205k dwellings [Office for National Statistics,
2011a]. Similar in size, the Unitary Authority of Cardiff is the largest city in Wales
with an estimated population of 346k and 143k dwellings [Office for National
Statistics, 2011a]. Along with the UK in general, both areas share a rich and
varied history dating back to Roman colonisation and were settled for millennia
before their present day city form. Figures 2.5, 2.6, 2.7, and 2.8 compare the
building stock characteristics for both cities using 2011 census data [Office for
National Statistics, 2011a].
The Figures underscore the similarities and differences between both cities.
Specifically, Cardiff has a substantially larger proportion of detached and owner
occupied homes, while Manchester has a greater proportion of privately and so-
cially rented flats. Both cities have a similar distribution for the number of people
and bedrooms per household, although Cardiff has a greater proportion of 4 bed-
room homes and a smaller proportion of 2 bedroom homes. This is consistent with
the larger proportion of detached homes in Cardiff.
From an energy performance perspective, the building stock in both cities could
greatly benefit from retrofitting. Within Greater Manchester, 25% of the housing
stock is of solid wall construction and there are still 500,000 untreated lofts and
cavity walls [Low Carbon Housing Retrofit, 2012]. In Wales, only approximately
18% of homes have cavity wall and loft insulation fitted [National Refurbishment
Centre, 2012].
In addition to examining the building stock to understand its energy perfor-
mance, it is also important to consider the building regulations that mandate home
15
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energy efficiency standards. These regulations continue to evolve, and serve an
important role in determining the minimum energy standards for new builds or
heavily renovated homes.
2.1.2 Building regulations
The primary legislation addressing minimum targets for domestic energy perfor-
mance is outlined in the building regulations ‘Approved Document Part L: Con-
servation of Fuel and Power’ [Planning Portal, 2011]. The concept of using Ap-
proved Documents to regulate different aspects of the built environment was only
formally introduced in the Building Act (1984) [Building Act, 1984]; although pre-
vious standing national mandatory requirements were introduced in 1966. Prior
to this, regulations were adoptive rather than mandatory, resulting in implemen-
tations that varied greatly across the country [Calderdale Council, 2010]. The
resulting wide variety of standards, and confusion within the construction indus-
try, often impeded energy efficiency improvements within the built environment
[Calderdale Council, 2010]. Table 2.1 compares the regulated U-Values for con-
struction elements from 1965 to 2010, where the U-Value is a measure of the heat
flow through a building element. Technically, the U-Value physically describes how
much thermal energy in Watts [W] is transported through a building component
with the size of 1 square meter [m2] at a temperature difference of 1 Kelvin [K];
thus the unit for U-Values is W/(m2K), and the lower the value the more efficient
the element is at keeping heat inside or outside the building [BDO U-Value, 2011].
The table shows how the 2010 U-Values have improved on average by 70%
since 1965, and before 1965 there was no national regulation. Using U-Values,
dwelling energy performance can be estimated with the UK’s Standard Assessment
Procedure.
Standard Assessment Procedure
The Standard Assessment Procedure (SAP) is a methodology used to assess and
compare the energy and environmental performance of dwellings [GOV.UK, 2013f].
SAP was developed by the Building Research Establishment (BRE) for the UK gov-
ernment in 1992, and Reduced Data SAP (RdSAP) was introduced in 2005 as a
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Table 2.1: Comparison of maximum permitted U-Values for UK construction ele-
ments from 1965 to 2010
Year of building
regulations
U-Value (W/m2K)
Wall Window Floor Roof Door
1965 1.70 5.60 1.42 1.42 3.00
1976 1.00 5.60 1.00 0.60 3.00
1985 0.45 3.30 0.45 0.25 3.00
1995 0.45 3.00 0.35 0.20 3.00
2002 0.35 2.20 0.25 0.20 2.20
2010 0.30 2.00 0.25 0.20 2.00
Source: [Chow & Levermore, 2010; Planning Portal, 2011]
lower cost method of assessing the performance of existing dwellings [GOV.UK,
2013f]. SAP uses a number of building characteristic factors, which are indepen-
dent of the occupants, to quantify the amount of energy use per unit floor area, and
emissions of CO2. The methodology produces a fuel-cost-based energy efficiency
rating (the SAP rating) where a value between 80 and 90 is recommended as being
acceptable [Boardman, 2012; Ward, 2008]. Currently, the average SAP rating for
UK households is poor, with an average in the region of 50 - 60 [Department for
Communities and Local Government, 2009; Energy Saving Trust, 2009], and ap-
proximately 5% with a SAP rating of 20 or less [Energy Saving Trust, 2009]. This is
not much better than the average 1996 SAP rating of 42 [Ravetz, 2008]. In Manch-
ester, the average SAP rating is 56 (2011), while the average rating of 62 (2009) is
better in Wales [National Refurbishment Centre, 2012; Office for National Statis-
tics, 2011a] When translated into energy consumption, the current poor SAP rat-
ing results in homes using approximately 300 kWh/m2/year for heating, while the
2006 Building Regulations stipulated heating to use about 100 kWh/m2 [Ward,
2008].
These poor SAP ratings are also indicative of non-decent homes, where the
term ‘decent’ is defined as a dwelling that “meets the statutory minimum standard,
provides a reasonable degree of thermal comfort, is in a reasonable state of repair and
has reasonably modern facilities” [The Poverty Site, 2011]. Currently, just over 65%
of England’s housing stock are considered decent [Energy Saving Trust, 2009]. In
Wales, approximately 332,000 households (25%) in 2012 were in fuel poverty
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[National Refurbishment Centre, 2012]. The result is that approximately 30,000
people per year die unnecessarily because of the effects of cold in Wales [Cardiff
Council, 2012b]. The ill effects from non-decent homes were also observed in a
clinical randomised controlled trial in New Zealand, that investigated the link be-
tween heating systems and child asthma [Howden-Chapman et al., 2008]. The
study found that the installation of non-polluting, more effective heating in the
homes of children with asthma significantly reduced symptoms of asthma, days
off school, and healthcare utilisation [Howden-Chapman et al., 2008]. Similarly,
another clinical randomised controlled trial in New Zealand concluded that insu-
lating existing houses resulted in improved self rated health, self report wheezing,
days off school and work, and visits to general practitioners [Howden-Chapman
et al., 2007]. As such, the benefits of retrofitting aren’t limited only to improving
the building fabric, they also extend to improving health and thermal comfort.
Building on the development of SAP, the UK government also introduced En-
ergy Performance Certificates to meet EU regulations, and help improve the trans-
parency of a home’s energy performance to its occupants [GOV.UK, 2013a].
Energy Performance Certificates
In 2007 the UK government introduced Energy Performance Certificates (EPC)
as one effort to improve domestic energy performance transparency, as well as
meet the requirements of the European Energy Performance of Buildings Direc-
tive (Directive 2002/91/EC). SAP calculations form the basis of the certification
for new dwellings, while RdSAP (Reduced Data SAP) is used to assess existing
properties [Department for Communities and Local Government, 2011]. Every
home (and building) is required to obtain an updated EPC before they are sold or
let. The intention is that this will create an incentive for owners or developers to
retrofit, thereby increasing the marketability of their properties [Fuerst & McAllis-
ter, 2011]. Supporting this intent, a large scale DECC study that investigated the
effect of EPC ratings on house prices found a positive relationship between energy
rating and dwelling price per square meter [Department of Energy and Climate
Change, 2013c]. However, in the commercial property sector, a hedonic regression
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study with a cross-section of 708 properties found no evidence that the EPC rat-
ing had any effect on market rent or value [Fuerst & McAllister, 2011]. A second
criticism is that EPC calculations are based on generalised modern construction
methods, thereby placing at a disadvantage historic and traditional homes [En-
glish Heritage, 2007]. From a purchasing decision perspective, it is also argued
that EPCs are ineffective at creating behaviour change, since they may not be seen
by the prospective buyer or tenant until it is too late in the purchasing process
to act on the information [UKERC, 2008]. A further criticism, is that unlike Dis-
play Energy Certificates (DEC) that are based on actual energy performance and
required for all public buildings over 1,000 m2, EPCs are based on likely energy
performance [English Heritage, 2007], leaving the possibility of a large gap be-
tween perceived and actual energy demand. Nevertheless, EPCs allow prospective
tenants or buyers to access pertinent energy information for their dwelling, which
beforehand was not freely available or easy to procure.
2.1.3 Housing Trilemma
The above review identifies three main factors responsible for today’s poor per-
forming dwellings: first, historically weak energy efficiency home standards; sec-
ond, a low replacement rate for old homes; and third, physical and social building
stock heterogeneity. This research proposes these three factors to be a ‘Housing
Trilemma’, and is illustrated in Figure 2.9.
In order to overcome this Housing Trilemma and improve the energy perfor-
mance of the domestic built environment, existing homes can be retrofitted with
energy efficiency measures. The following section describes currently available
retrofit technologies, and their potential to improve energy efficiency.
2.2 Retrofit technologies
In order to improve the energy and emission performance of homes, various pas-
sive (e.g., insulation) or active (e.g., solar photovoltaic (PV)) technologies can be
retrofitted to the property in situ. With respect to technical solutions, the available
energy efficiency technologies for domestic UK properties recognised by SAP are:
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Figure 2.9: Housing Trilemma diagram of poor energy performance
• Air/ground source heat pumps (using a heat exchanger to recover or disperse
heat from the environment);
• Bio-fuels/mass (if the fuel source is sustainable, biofuel can be used as an
alternative to gas heating);
• Combined heat and power (using industrial waste heat for domestic heat-
ing);
• Draught proofing (doors and windows);
• Insulation (cavity, solid wall, loft, and boiler);
• Lighting (low energy lighting (LED), and passive lighting);
• Micro wind (electricity generation with wind energy);
• Modern boilers (condensing boilers);
• Solar PV (electricity generation with solar energy);
• Solar thermal (using solar energy to heat water);
• Thermal mass (seasonal or daily storage of heat);
• Window glazing (double and triple)
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Despite this extensive list of available technical options, in practice only very
few technologies are widely adopted by the public. Figure 2.10 shows the adoption
of energy efficiency technologies in the UK since 1950, the dots represent historic
or projected data points while the lines represent ideal curves.
Figure 2.10: Market penetration of home energy efficiency measures in the UK
Source: [Davidson (BRE), 2009]
This Figure demonstrates that despite the available choice, mostly only passive
retrofit actions are generally adopted. More so, Figure 2.10 highlights the remain-
ing potential for these technologies.
With respect to the effectiveness of specific retrofit measures, nationwide case-
study demonstration projects found that the above measures can provide signifi-
cant energy savings to households. One project in York modernised approximately
250 homes (with a focus on increasing building envelope air tightness), and mon-
itored their performance for 12 months afterwards [Bell & Lowe, 2000]. After
comparing against pre-retrofit performance, Bell & Lowe concluded that their best
efforts reduced household energy consumption by about 49 - 54%. Another pa-
per presented the results of an energy and environmental assessment of retrofit
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actions implemented as part of the EU project “Bringing Retrofit Innovation to Ap-
plication in Public Buildings (BRITA in PuBs)” [Ardente et al., 2010]. By coupling
life cycle analysis with monitoring equipment, Ardente et al found that retrofit
measures produced an average of 50% energy savings for heating. In 2009, the
UK Technology Strategy Board (TSB) implemented a £17m programme entitled
Retrofit for the Future (RtF) to create a collection of demonstration projects in the
UK’s social housing stock [Low Energy Buildings, 2013]. In total, 86 projects were
funded through RtF, with all the project details, including monitoring and evalu-
ation, shared on a public database [Low Energy Buildings, 2013]. The database
was created by TSB as an education and dissemination tool for retrofit profession-
als and the wider public.
Nationally, the UK government collected energy efficiency retrofit data and
compiled it into the Homes Energy Efficiency Database (HEED) to monitor and
improve the UK’s housing stock [Energy Saving Trust, 2013]. HEED contains at
least 1 piece of date-stamped information for approximately 13 million homes, in-
cluding property characteristics, retrofit measures installed, and heating systems.
A controlled study that matched HEED homes with related annualised energy de-
mand data concluded that the presence of cavity insulation and a condensing boiler
were associated with a household gas saving of 9.2% and 8% respectively [Hamil-
ton et al., 2013]. Other retrofit measures, such as loft insulation and double glazing
did save energy, but were not as effective [Hamilton et al., 2013]. A more detailed
breakdown of potential retrofit energy savings is presented in Table 2.2.
Table 2.2 demonstrates that technical retrofit solutions have the potential to
significantly improve the energy performance of the domestic built environment.
However, in order to justify their financial investment, it is also informative to con-
sider the marginal cost abatement curves for retrofit technologies alongside other
measures. Figure 2.11 is a UK marginal abatement curve by McKinsey UK, while
Figure 2.12 is a world wide economic mitigation curve by the Intergovernmental
Panel on Climate Change (IPCC) .
Figure 2.11 shows the abatement potential on the horizontal axis and the cost
on the vertical axis, with measures arranged in order of cost so that the cheapest
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Figure 2.11: The UK cost curve for additional greenhouse gas reduction measures
(source: McKinsey analysis)
Source: [Confederation of British Industry, 2007]
Figure 2.12: World wide economic mitigation potential by sector
Source: [Bernstein et al., 2007]
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Table 2.2: Energy saving potentials of individual energy efficiency measures
Annual energy savings
Household (kWh) Great Britain (TWh)
Space heating
Cavity wall insulation* 3484 26
Solid wall insulation 12101 56
Loft insulation up to 270mm* 467 8
Floor insulation (raised timber) 1744 18
Glazing to C rated 2526 63
Insulated doors 464 12
Boiler to A-rated 4414 73
Improved heating controls 11094 19
Water heating
Cylinder insulation to current regulations 254 4
Hot water heating controls 8276 14
Cooking
A rated ovens 25 0.3
Induction hobs 25 0.3
Lights and appliances
A++ rated cold appliances 259 6.5
A+rated wet appliances 200 5.0
Eﬃcient lighting 71 1.5
Integrated digital TVs 23 0.5
Reduced standby consumption 39 1.0
* Technical savings from measures have been reduced by 50% to account for improvement in
U-values achieved in practice and a ‘comfort factor’
Estimate total annual domestic energy consumption = 500 TWh
Source: [OFGEM, 2009]
option is on the left. Based on this figure, all retrofit options are justified econom-
ically as effective measures towards reducing greenhouse gas emissions except so-
lar water heating. Figure 2.12 compares buildings with other sectors and confirms
that improving the performance of buildings is currently the most cost effective
measure towards reducing GHG emissions.
It is important to note that this data is based on expected energy savings; how-
ever the possibility for mismatch exists between expected and actual energy de-
mand in post-retrofit and new homes. For example, even if building standards
are improved, the expected savings in energy demand may not be achieved due to
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unexpected occupant behaviour or poor installation/construction quality [Guerra-
Santin et al., 2013; Haas et al., 1998; Tweed, 2013; Zero Carbon Hub, 2013]. One
Austrian study found that occupant behaviour increased household energy demand
by 15 - 30% beyond expected values [Haas et al., 1998]. Similarly, a 3 year longi-
tudinal study of a low energy multi-family complex in Switzerland found that the
measured energy performance post-installation of solar panels exceeded expecta-
tions by 54% [Branco et al., 2004]. This deviation was attributed to technology
complexity and poor product quality [Branco et al., 2004].
On the other hand, it may be possible to catch such performance deviations
early in the project phase if rigorous monitoring and evaluation processes are put
in place [Guerra-Santin et al., 2013]. A study that monitored the performance of
two new-build low energy homes in the UK found that their energy performance
post-construction did meet expectations, due to the commitment of the design
team, and the depth and breadth of performance testing and monitoring through-
out the project [Guerra-Santin et al., 2013]. Overall, although monitoring and
evaluating the real performance of post-retrofit buildings was outside the scope
of this research; it is nevertheless an important area of research requiring further
investigation.
In summary, this section described the energy performance challenge facing the
UK domestic built environment, and presented retrofit measures that are appropri-
ate and capable of meeting this challenge. In order to encourage the adoption of
such technologies, the following section describes UK national policies relevant to
retrofitting.
2.3 Retrofit policy
A substantial driver for retrofit policies in the UK is The Climate Change Act 2008
that sets an ambitious target to cut the country’s greenhouse gas (GHG) emis-
sions from all sources by 80% (160 MtCO2e) by 2050, compared to 1990 levels
[Committee on Climate Change, 2011a]. The Committee on Climate Change also
expects emissions from homes to fall by over a third of 2011 levels by 2022 [Com-
mittee on Climate Change, 2011b]. Simultaneously, the EU Renewable Energy
Directive (2009/28/EC), introduced in April 2009, mandates that each member
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state in the EU shall obtain at least 20% of total energy from renewable sources
by 2020 [EurActiv, 2008]. Therefore, as well as improving energy performance at
the household level, retrofitting the domestic built environment also presents an
opportunity to help the UK government meet its long-term renewable energy and
emission goals.
In order to help meet these targets, the government tightened energy effi-
ciency standards for buildings [Department for Communities and Local Govern-
ment, 2013a] and historically introduced a range of programmes, such as: the
Landlord Energy Saving Allowance; the Carbon Emissions Reduction Target (CERT);
Community Energy Saving Programme (CESP); Decent Homes; and Warm Front.
While these programmes are historic, the main current policies in place to encour-
age domestic retrofits are: the Solar Feed-in Tariff; the Renewable Heat Incentive,
and the Green Deal. The Green Deal is of particular interest because it was specifi-
cally introduced to encourage the consumer adoption of energy efficiency measures
in the home [GOV.UK, 2013d].
The main difference between the previous initiatives and current policies is in
their scope; previous incentives targeted the most vulnerable homes, while current
initiatives are targeting the entire housing stock. The following sections discuss
the current government policies in more detail.
2.3.1 Green Deal
Introduced in the 2010 Energy Bill, the Green Deal is a framework and financial
incentive that enables private firms to offer households energy efficiency improve-
ments at no upfront cost, instead the costs are recouped with a charge in instal-
ments on the energy bill [GOV.UK, 2013d]. This charge is calculated so that it
is equivalent to the savings created by the installed energy efficiency measure;
thereby creating a ‘cost neutral’ scheme to the home occupants. The financial in-
novation is that this scheme is attached to the property, so that if the occupant
moves out and ceases to be the bill-payer, then the financial obligation will stay
with the property and move to the next owner/tenant. This financial obligation is
only paid while there are benefits accrued, i.e. when the properties are occupied.
Finally, apart from the novel financial mechanism, the Green Deal also mandates
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accredited energy assessments for households (EPCs), and the use of accredited
advisers and installers [GOV.UK, 2013d].
One aim of the Green Deal is to address the landlord-tenant split incentive;
the phenomenon where tenants do not want to invest in the initial capital cost of
retrofitting as they do not own the property, and landlords do not want to invest
in retrofitting since they do not directly benefit from the reduced fuel bills. In the
worst cases, owners of low value decaying property will forego proper maintenance
and rent their properties to low-income people who simply cannot afford any of the
needed reinvestment or upgrades [Sustainable Development Commission, 2006].
In this way, the Green Deal is similar to the Property Assessed Clean Energy (PACE)
programme in the U.S., where local governments issue bonds to finance renewable
energy and energy efficiency projects on private property. The bonds are secured
by real property, and the bond repayments are calculated into the property tax bill
[PACEnow, 2012].
Since the Green Deal was only implemented in 2013, its effectiveness has yet to
be properly evaluated; however, the scheme received criticism when it was first in-
troduced. The UK Green Building Council and the Royal Institute of Chartered Sur-
veyors (RICS) warned that “the package of measures is incredibly ambitious, overly
complex, and currently lacks the incentives necessary to drive uptake amongst
households and businesses” [Nichols, 2011]. The lobby group, the Confederation
of British Industry (CBI), also warned that the scheme threatens to be a ‘lame
duck’, unless the government provided greater clarity on how it planned to fund
the scheme [BusinessGreen, 2011]. An alternative measure proposed by the UK
Green Building Council was to reduce the VAT rate for energy efficiency measures,
which is currently set at 5% [Nichols, 2011]. Although this 5% is reduced down
from the national VAT rate of 20%, it is still higher than the 0% offered for new
builds. However, VAT rates are tied to EU law, which constrains how easily they
can be adjusted [Sustainable Development Commission, 2006].
Also bundled with the Green Deal is the Energy Company Obligation (ECO),
which is a set of policies that support the installation of energy efficiency measures
in low-income households, and in hard to treat properties [GOV.UK, 2013d]. There
are three specific obligations under ECO: the first is the carbon saving community
obligation to provide insulation measures to households in specified areas of low
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income; the second is the affordable warmth obligation to provide heating and in-
sulation measures to means-tested private tenure households; and the third is the
carbon saving obligation that covers the installation of measures like solid wall and
hard-to-treat cavity wall insulation that ordinarily can’t be financed solely through
the Green Deal [GOV.UK, 2013d]. Together, the Green Deal and ECO replace pre-
vious policies such as CERT and CESP.
Most of the efficiency measures listed in Table 2.2 are covered under the Green
Deal; however, micro-generation is specifically excluded. Instead, the following
two policies aim to increase the adoption of micro-renewable generation: the Feed-
in Tariff; and the Renewable Heat Incentive.
2.3.2 Feed-in Tariff
The Feed-in Tariff (FIT) scheme was introduced by the UK Government on 1 April
2010 with the aim to encourage the deployment of small scale (less than 5 MW)
low carbon electricity generation [Department of Energy and Climate Change,
2011a]. The intent was to encourage the domestic adoption of such technologies;
however, initially the scheme was mostly adopted by larger developers. Conse-
quently, the government reviewed the value of the FITs in 2011 to ensure that the
scheme favoured domestic and other small-scale generators [GOV.UK, 2013b]. As
a result of the review, the tariffs were modified to favour smaller solar PV installa-
tions and provide a rate of return of 4.5 to 8% for a typical well-sited installation
[Department of Energy and Climate Change, 2012a].
In 2011/12, 498.2 GWh was reported as being generated under the Feed-in
Tariff scheme from 206,851 installations [GOV.UK, 2013c]. However, this only
represents approximately 0.1% of the UK’s total electricity generation [Housing
Energy Advisor, 2011], underscoring the potential for further penetration oppor-
tunity. The UK FITs were modelled after the success of the German Feed-in Tariffs,
which included solar PV from 2000 onward, and now has over 17,000 MW of
installed capacity [Hughes, 2011].
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2.3.3 Renewable Heat Incentive
The Renewable Heat Incentive (RHI) was launched in November 2011, and is a
financial support programme for renewable heat installations. Currently, it only
provides payments to the non-domestic sector, but will be extended to households
in 2014 [GOV.UK, 2013e]. This scheme is designed to complement the Green Deal
and the Feed-in Tarrifs, and is the first of its kind internationally [Department of
Energy and Climate Change, 2011b]. While similar to FITs in the respect that
individuals are paid a fixed amount based on the output of their renewable heat
source installations, there are two important differences: the first is that unlike
FITs, this scheme is paid by Treasury and not by the energy users; and the second is
that there is no ‘National Grid’ for heat, so importing/exporting heat is not relevant
[RH Incentive, 2011]. Since the scheme is still under development for the domestic
sector, it is difficult to predict its future effectiveness.
In summary, retrofitting the domestic built environment presents an excellent
opportunity to help the UK meet its energy and emission targets, as such, the gov-
ernment introduced a range of policies to encourage home refurbishment. How-
ever, there is still a shortfall between the realised adoption of domestic retrofit
measures and their full potential [Allcott & Mullainathan, 2010; Jaffe & Stavins,
1994; Stafford et al., 2012]. The next section examines this gap in more detail and
discusses the role of occupants and social factors related to domestic retrofitting.
2.4 Social factors and energy efficiency behaviours
Retrofit technologies and financial incentives are important components to improve
the energy performance of the domestic built environment; however, home occu-
pants also play a critical role in the adoption of energy efficiency measures [Janda,
2011]. Specifically, the social and cultural considerations of how domestic oc-
cupants interact with energy at home are often left unexplored by engineering
professionals [Karvonen, 2013; Pelenur & Cruickshank, 2011b, 2013c]. Shifting
family structures are another important social consideration. The largest growth
sector in housing demand is from young and old single individuals, but there has
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also been a rise in flexible arrangements, such as: serial co-habitation; dual ca-
reer households; third generation extensions (‘granny flats’), and the return of
young adults living with parents [Ravetz, 2008]. These varied living arrangements
can complicate retrofit programmes and strategies [Lutzenhiser, 1993]. Addition-
ally, changes to established and familiar built forms may be opposed by local res-
idents for various subjective reasons, such as: aesthetics; perception of disruption
to homes and gardens; and mistrust in the organisations implementing the change
[The Government Office for Science, 2008]. This view is supported by extant psy-
chological and sociological scholarship that investigated the impact of social and
cultural factors on energy decisions and concluded that the lessons learned from
such studies were often not considered during the design and deployment of engi-
neering retrofit solutions [Abrahamse & Steg, 2009; Darnton, 2008; Lutzenhiser,
1992; Stephenson et al., 2010; Upham et al., 2009]. The result is that there exists a
shortfall between the full potential and realised adoption of energy efficiency mea-
sures [Allcott & Mullainathan, 2010; Jaffe & Stavins, 1994; Stafford et al., 2012],
as demonstrated by the technology penetration graph in Figure 2.10. This phe-
nomenon is termed the ‘Energy Efficiency Gap’, and is discussed in detail below
[Allcott & Mullainathan, 2010; Jaffe & Stavins, 1994].
2.4.1 The Energy Efficiency Gap
The Energy Efficiency Gap is described as the gap that exists between the current
or expected future energy use of homes, and the optimal current or future energy
use [Jaffe & Stavins, 1994]. In OECD countries, this energy conservation loss due
to the Energy Efficiency Gap is estimated at 30% of the total potential energy sav-
ings of the measures [Weber, 1997]. Understanding the reasons that give rise to
the Energy Efficiency Gap is a well researched topic across a wide range of dis-
ciplines. In their review paper that compares multiple decision making models,
Wilson & Dowlatabadi [2007] identified the following four diverse discipline ap-
proaches: conventional and behavioural economics; technology adoption theory
and attitude-based decision making; social and environmental psychology; and so-
ciology. Conclusions drawn from the review paper are that there is an unexplored
potential to reconcile the theoretical preferences of different research traditions,
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and that a greater openness for collaboration between disciplinary approaches is
required to meet that potential [Wilson & Dowlatabadi, 2007].
From a standard economic perspective, Jaffe & Stavins [1994] sought to under-
stand why compact fluorescent light bulbs, improved thermal insulation materials,
and energy-efficient appliances were not more widely adopted. In their research,
they argued that the Energy Efficiency Gap is due to market failures, such as a lack
of transparent information about the benefits of energy efficiency, and non-market
failures, such as the transaction costs of adopting new technology or the use of
inaccurate discount rates by consumers making energy efficient retrofit decisions.
Along a similar economic analysis Weber [1997] identified four main types
of obstacles for the adoption of energy efficiency measures: institutional barri-
ers (public government); market barriers; organisational barriers; and behavioural
barriers. Similar to Jaffe & Stavins [1994], Stern [2006] suggested that the barri-
ers to rational behaviour are: financially hidden costs/benefits; conflicting market
signals or imperfect information; and motivation factors. However, the problem
with treating occupants as rational actors or as physical entities occupying space,
is that it assumes they use energy with purpose, which misses the insight that our
interaction with energy is subjective and that a lot of our energy use is incidental
[Lutzenhiser, 1992].
The assertion that occupants do not always act rationally with respect to adopt-
ing energy efficiency measures or their energy consumption is empirically sup-
ported by various studies. One English study (n=427) counter-intuitively found
that measured living room temperatures were not correlated with the temperature
settings on the central heating controls [Shipworth et al., 2010]. This lack of cor-
relation may be because occupants opened windows to regulate their indoor tem-
perature, rather than using the heating controls correctly. Similarly, an exploratory
study with 14 households in Cambridge found that installed energy efficiency mea-
sures did not necessarily change household energy consumption [Pelenur, 2010;
Pelenur & Cruickshank, 2013b]. Specifically, participants that received an elec-
tricity monitor, or an active demand response system, did not show a significant
change in energy demand over the course of the study (6 weeks) compared to
the control group [Pelenur, 2010; Pelenur & Cruickshank, 2013b]. Another study
with approximately 400 Austrian homes found that irrational occupant behaviour
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increased household energy demand by 15 - 30% [Haas et al., 1998]. An expla-
nation put forward for this irrational behaviour is that the general public find it
difficult to understand energy because it can’t physically be seen (excluding the
gas flame on the stove), and people don’t use energy specifically, rather they use
services such as microwaves, or dishwashers [Burgess & Nye, 2008]. As such, en-
ergy can described as being ‘doubly invisible’ for occupants [Burgess & Nye, 2008].
Complementing the economic perspective, there is also considerable relevant
extant psychological and sociological scholarship to help understand the reasons
for the Energy Efficiency Gap.
In their review paper for the Living with Environmental Change programme,
Upham et al. [2009] brought together an extensive list of psychological and so-
ciological studies to help explain public attitudes to environmental change. Two
relevant implications from the paper are that individuals’ attitudes and actions
were not always consistent (defined as the ‘value-action’ gap), and that an individ-
ual’s behaviour in one context may be inconsistent with their behaviour in another
context [Upham et al., 2009]. Such insights may help explain why households do
not adopt energy efficiency measures even though they are economically justified.
From a more detailed behaviour perspective, the Behaviour Change Knowledge Re-
view referenced over 60 relevant socio-psychological models, theories and frame-
works that can be used to help understand the Energy Efficiency Gap [Darnton,
2008]. Most models presented in the paper use the variables of ‘attitudes’, ‘norms’,
and ‘agency’ to explain behaviour, while others also include ‘habit’ and ‘emotion’
[Darnton, 2008]. To test the relative importance of such psychological variables to
energy use, as well as socio-demographic variables, Abrahamse & Steg [2009] ad-
ministered questionnaires and examined the energy use of 189 Dutch households.
They found that household energy consumption was mainly determined by socio-
demographic variables, whereas energy savings (viz., changes in behaviour) were
mainly determined by psychological factors [Abrahamse & Steg, 2009]. Support-
ing these results, Faiers et al. [2007] argued that policy makers should consider
a broad range of factors, such as individuals’ cognitive abilities, values, attitudes,
and social networks in the context of understanding consumer domestic energy
use [Faiers et al., 2007]. Beyond single households, community-based partner-
ships between occupants and retrofit delivery partners have also been proposed
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to take advantage of the social nature of energy use, and to promote large-scale
systematic retrofits [Karvonen, 2013]. Alongside the Energy Efficiency Gap, the
Rebound Effect also presents another social and behavioural challenge towards
energy efficiency in the home.
2.4.2 Rebound Effect
The Rebound Effect is a phenomenon that occurs when energy efficiency improve-
ments counter intuitively lead to higher levels of energy consumption; if held
specifically to energy, the Rebound Effect is called the “Khazzoom-Brookes pos-
tulate”, which was first recognised by the English economist William Jevons in the
late 19th century [Madlener & Alcott, 2009]. For example, a direct Rebound Effect
is higher home temperatures after the installation of insulation; while an indirect
example is when a consumer purchases a larger and more inefficient vehicle based
on the savings made from energy efficiency measures at home. One review exam-
ined the macro-economic rebound effect on the UK economy and found that the
reduction in energy demand for 2010 was modelled to be about 11% less than ex-
pected due to direct and indirect rebound effects [Barker et al., 2007]. However,
such estimates are difficult to calculate, and other models expect the Rebound Ef-
fect for thermal insulation and heating systems to be much higher, in the region of
50% to 100% [Oreszczyn & Lowe, 2005].
An example of the rebound effect was observed after the introduction of ap-
pliance efficiency labels in the EU, which led to an average energy efficiency im-
provement of 8% for refrigerators/freezers in the UK during the first two years;
however, the UK energy demand only decreased by 0.75% during the same period
[EES, 1998 as cited in Burgess & Nye, 2008]. This loss of potential savings was
attributed to consumers buying larger fridges rather than similar or smaller sized
units, this is an example of an indirect rebound effect [Burgess & Nye, 2008].
Another example is the continuous increase in domestic thermal comfort expecta-
tions. In 1970 the average temperature within the home was 12◦C, however with
the introduction of new cheaper and more efficient heating technology, the average
temperature in 2002 increased to 18◦C, and this is predicted to rise to 21◦C within
the next decade [Oreszczyn & Lowe, 2005]. Such increases to thermal comfort
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reduce the total savings seen from installing new energy efficient technologies.
As such, without a broad understanding of how households interact and use
energy, it is possible that well-intentioned energy policies backfire, resulting in
the Rebound Effect and leading to more energy use rather than less. In order to
visualise occupant decision making in the context of home energy use, Wilson &
Dowlatabadi [2007] present an overarching integrated model for pro-environmental
behaviour as shown in Figure 2.13 (adapted from [Stern, 2000]).
Figure 2.13: An integrated model of pro-environmental behaviour
The model in Figure 2.13 distinguishes between personal and contextual do-
mains while recognising interactions between them [Wilson & Dowlatabadi, 2007].
Although comprehensive, the model is also not straight forward to apply to spe-
cific behaviours [Wilson & Dowlatabadi, 2007]. In parallel and from a sociological
perspective, Lutzenhiser introduced the idea of a simpler integrated Energy Cul-
ture framework to understand behaviour, that considers social norms and culture
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alongside the more traditional econometrics [Lutzenhiser, 1992].
2.4.3 Energy Culture framework
The Energy Culture framework was introduced by Lutzenhiser [1992], who ar-
gued that in order to understand energy consumption in the home, researchers
should consider social norms and culture alongside the more traditional econo-
metrics [Lutzenhiser, 1992]. Lutzenhiser supported this approach by highlighting
complex personal psychological attitude models that failed to predict intention to
conserve [Lutzenhiser, 1992]. This result is supported with an exploratory study
by Pelenur & Cruickshank [2011a] that applied the Technology Acceptance Model
to investigate behavioural intent. In that study, two types of energy efficiency
measures were fitted to Cambridge households for a period of 6 weeks. The ex-
ploratory results found that the perceived enjoyment, ease of use, and usefulness
of the energy efficiency measures did not indicate behavioural intent [Pelenur &
Cruickshank, 2011a].
More recently, Stephenson et al. [2010] applied the Energy Culture framework
to consumer energy behaviour, by specifically examining the interactions between
cognitive norms (e.g. beliefs, understandings), material culture (e.g. technologies,
building form), and energy practices (e.g. activities, processes). Stephenson goes
on to suggest that the Energy Culture framework can be used to identify areas of
deficiency for interventions to target. This framework can be applied to individuals
and households, as well as neighbourhoods and communities. Figure 2.14 is an ex-
ample of using the Energy Culture framework to model home heating behaviours;
where the left-hand side model characterises the home heating behaviours, and
right-hand side model reflects some of the wider systemic influences.
The Energy Culture framework is congruent with other research that demon-
strates how our collective norms, cultural practices, and shared expectations are
all factors that may aid or obstruct our energy efficiency potential [Hargreaves
et al., 2010; Rayner & Malone, 1998]. For example, windows in continental Eu-
ropean buildings generally open inwards, while British windows open outwards,
constraining the options for shutters and shading to help with cooling [The Gov-
ernment Office for Science, 2008]. Other examples of social factors are: lifestyle
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Figure 2.14: Energy Culture framework example
Source: [Stephenson et al., 2010]
choices (choosing to live in a rural property without gas mains); perceived aes-
thetics of technology (solar panels or double glazing too obtrusive); and desire to
minimise disruption (hassle to clear loft) [Pelenur & Cruickshank, 2011b]. Adopt-
ing a more holistic approach towards improving our understanding of domestic
energy consumption is further justified by a growing body of evidence that non-
monetary interventions, such as social approval, feedback, and community goal
settings are effective at changing behaviour [Allcott & Mullainathan, 2010], and
that changing occupant behaviour can lead to a 10 - 30% reduction in energy con-
sumption [Yohanis et al., 2008]. As such, retrofitting can be approached as a set of
socio-technical issues [Tweed, 2013]. For example, one case study in south Wales
used phenomenology (the study of structures of consciousness as experienced from
the first-person point of view [Smith, 2011]) and ecological psychology to examine
occupants’ experience of a retrofitted home. The study highlighted social practices
that might have otherwise been overlooked in a traditional technical or economic
assessment, such as leaving doors open to allow free passage for the family dog
[Tweed, 2013]. Therefore, the challenge to change energy habits or make retrofit
decisions should not be informed only by single analytical models or incentive
policies; rather, inter-disciplinary approaches should be encouraged to create long
lasting change [Stephenson et al., 2010].
In summary, this section described the Energy Efficiency Gap and presented
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the argument that this gap can best be overcome by adopting an inter-disciplinary
research approach. Specifically, this review identified a knowledge gap within the
engineering profession for more socio-technical research that empirically considers
both social and cultural retrofit factors alongside traditional technical and econo-
metric measures [Abrahamse & Steg, 2009; Darnton, 2008; Lutzenhiser, 1992;
Stephenson et al., 2010; Upham et al., 2009]. As such, the following section
presents the socio-technical Energy Culture model developed to guide this re-
search. This model is based on the general Energy Culture framework, and specif-
ically links household barriers and motivations to adopt retrofit measures, with
retrofit technologies and social attitudes towards energy.
2.5 Research model
The socio-technical Energy Culture model used to guide this research was adapted
to theoretically represent components of the Energy Efficiency Gap. Specifically,
the model places households at the centre, internally influenced by three broad
areas: cognitive norms (social viewpoints and attitudes towards energy), material
culture (retrofit technologies and building fabric), and energy practices (energy
efficiency behaviours), the model is shown in Figure 2.15. Motivations to change
any of those areas are represented as arrows outward, while barriers preventing
change are represented as a dashed circle. It is important to note that the model is
a unique contribution of this research, developed from the preceding literature as
a way of both summarising and interpreting the literature findings.
The model illustrates how a holistic approach can be adopted to address the
Energy Efficiency Gap, as opposed to simply targeting one area, such as barriers.
Without considering all the factors together, efforts to address specific areas may
not be as effective. For example, improving a household’s material culture (i.e. in-
stalling retrofit technologies or upgrading the built form), may not produce optimal
energy savings if the household energy practices are not also made more efficient.
Similarly, without understanding the cognitive norm within a household, efforts to
change energy practices may not work. As such, the areas in the model are inter-
linked (inner circle) and are affected by motivations and barriers (arrows outward
and dashed outer circle). By investigating the areas outlined in the model, this
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Figure 2.15: Research model based on Energy Culture
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research aims to help address the Energy Efficiency Gap and improve the energy
performance of the built environment. Further review of the barriers, motivations,
and attitudes towards energy use are discussed in the following sections.
2.5.1 Barriers to adopt energy efficiency measures
As previously discussed within the Energy Efficiency Gap, there is a wide range of
identified barriers that prevent or hinder the adoption of domestic energy efficiency
measures. Empirically, this study inductively identified the following seven barrier
themes: upfront cost; physical property constraints; personal behaviour/lifestyle;
landlord-tenant/housing association split incentive; family/partner/housemate dy-
namics; beliefs/information/attitude; and institutional (government, energy com-
panies) [Pelenur & Cruickshank, 2012a]. These barriers span a diverse range of
perspectives from purely economical (upfront cost) to social (family relationship
dynamics). From a market/economic perspective Jaffe & Stavins [1994], Stern
[2006], and Sutherland [1991] argue that consumers apply an inaccurate dis-
count rate to energy efficiency measures, i.e. they do not correctly assess the
cost-benefits of energy retrofits. An Irish economic study also focused on mone-
tary and institutional barriers, citing retrofit costs, lack of disposable incomes, and
fragmented government policies as barriers preventing the adoption of energy ef-
ficiency measures [Clinch & Healy, 2000]. Supporting the regulatory perspective,
Lowe & Oreszczyn [2008] present their review of barriers that UK policy needs to
overcome to improve building energy performance. Specifically, Lowe & Oreszczyn
cite the following institutional barriers: regulatory confusion; lack of energy per-
formance data; absence of coherent energy supply policies for housing; and lack of
construction industry skills [Lowe & Oreszczyn, 2008].
Along similar lines, a UK national survey and focus group identified a sub-
stantial disparity between households’ willingness to pay for renewable energy
and their adoption of such tariffs [Diaz-Rainey & Ashton, 2008]. The study con-
cluded that consumer confusion, lack of supply, and institutional complexity all
contributed to the disparity [Diaz-Rainey & Ashton, 2008]. Supporting these re-
sults, an OECD report based on the Environmental Policy and Individual Behaviour
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Change survey carried out in 2011 with 12,000 households across various coun-
tries found that 60% of respondents were willing to pay more for renewable en-
ergy, but that they did not have the option to do so [OECD, 2013]. Focusing on
one specific technology, a further study that investigated the adoption of air-source
heat pumps (ASHP) in East Yorkshire also concluded that consumer confusion and
technology complexity were barriers affecting the adoption of ASHPs [Owen et al.,
2013]. Complementing these technical, institutional and economic factors, there is
also a wide range of psychological and sociological barriers that affect the uptake
of energy efficiency measures.
Within the UK, the Department for Environment Food and Rural Affairs (DE-
FRA) commissioned a large social science study to develop a framework for pro-
environmental behaviour [Defra, 2008]. As part of this study, DEFRA identified
social barriers that prevented the adoption of domestic energy efficiency measures,
specifically: external constraints (working patterns, demands on time); individual
habit; scepticism; and dis-empowerment [Defra, 2008]. In addition, Lutzenhiser
[1993] presented a review of social science research concerned with human fac-
tors in domestic energy use. The review identified a breadth of research that high-
lighted how social processes, such as neighbourhoods and family relationships,
influence energy consumption [Lutzenhiser, 1993]. Other identified examples of
social processes are personal habits; lifestyle choices; and social norms/values
[Blumstein et al., 1980]. Along with the traditional economic and market barriers,
these identified social barriers highlight the complexity of the retrofit challenge
and underscore the need for inter-disciplinary research.
While barrier research alone may may help decision makers overcome obsta-
cles, it typically lends itself to energy conservation positive actions and favours
technical solutions [Weber, 1997]. As such, research into the motivations or drivers
of adopting energy efficiency measures complements barrier research, and may
help decision makers better understand how to more effectively overcome these
barriers.
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2.5.2 Motivations to adopt energy efficiency measures
From a UK perspective, Mills & Rosenfeld [1996] identified the following drivers
to improve household energy performance: improved competitiveness; energy se-
curity; net job creation; and environmental protection. While from the consumer
level, Mills & Rosenfeld [1996] found that it was often non-energy benefits that
motivated households to be energy efficient, since households stood to gain only
relatively small financial savings from adopting energy efficiency measures. For
example: improved comfort; reduced noise; labour and time savings; improved
process control; increased convenience; waste minimisation; and direct or indirect
economic benefits from downsizing of equipment [Mills & Rosenfeld, 1996]. These
motivations presented by Mills & Rosenfeld highlight the range of drivers that may
exist outside pure economics; although their study did not directly engage with
households and instead relied on secondary sources.
Empirically, this study inductively identified the following seven motivation
themes: save money, environmental/emissions, resource efficiency, warmth and
comfort, aesthetics and space, health and safety, and time and convenience [Pe-
lenur & Cruickshank, 2013a]. Using another more direct research method, a UK
study that interviewed 53 social housing tenants also found that comfort habits
were substantial factors affecting domestic energy consumption [Huebner et al.,
2013]. Similarly, the Design Innovation Group in the Open University Sustain-
able Technologies Group used on-line questionnaires and in-depth telephone in-
terviews to survey UK households about the factors influencing the adoption of
four established energy efficiency measures (loft insulation, condensing boilers,
heating controls, and energy efficient lighting) [Caird et al., 2008]. In total they
gathered nearly 400 responses with the questionnaire and 111 in-depth telephone
interviews, although they reported that their sample may suffer from self-selection
bias. In their study, Caird et al. found that the motivations fell into three broad cat-
egories: save energy; save money; and save the environment [Caird et al., 2008].
For loft insulation, another driver was the desire for a warmer home and comfort
[Chappells & Shove, 2005]. Other studies have explored these motivations in finer
detail. One such study carried out in-depth interviews, lasting about 30 mins, with
a representative sample of about 1,000 UK households and found the following
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drivers: perceived cost of the measure; the perceived amount of disruption its in-
stallation would cause; the presence and awareness of any accreditation regime;
and whether the measure had been recommended to the household [Oxera, 2006].
International studies also identified a similar range of motivations. Looking
at one technology in particular, Fischer [2004] examined the motivations of pio-
neer users of MicroCHP 1in Germany. Three group discussions were held with 26
volunteers, and an additional 464 postal questionnaires were sent out (returned
= 142). The results revealed the following motivations to adopt this technology:
government support scheme; produces electricity; reliability; needed new heating;
independence from oil; a new technology; cost advantages; saving energy; and the
environment [Fischer, 2004]. On a wider scale, an Indian study that examined the
Energy Efficiency Gap in India’s household sector found that households wanted
to be convinced of technical soundness, cost effectiveness, and have access to the
necessary finances before adopting energy efficiency measures [Reddy, 2003].
In summary, the above research identified a wide range of barriers and motiva-
tions for adopting energy efficiency measures, many of which did not relate directly
to cost or energy savings (such as convenience, personal habits, and time savings).
However, none of the studies investigated which types of households were as-
sociated with each barrier/motivation. Therefore, as well as identifying retrofit
barriers and motivations in a large UK city context, this research also investi-
gated potential demographic variables associated with these barriers/motivations.
The aim of using demographics was to enhance the contextual data for each bar-
rier/motivation, and thereby improve the the practicality of the final recommen-
dations.
2.5.3 Attitudes towards energy use
In the wake of the 1970s oil crisis, there was a surge of research that investigated
attitudes towards energy use, conservation, and environmental beliefs. In his study,
Olsen [1981] found that during the oil crisis, Americans personally felt responsible
for solving the problem and held a broad environmental ethic; although less than a
quarter felt completely unconvinced of the problem. Another psychological study,
1Small combined heat and power plants based on fuel cell technology
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also conducted during the height of the crisis, investigated what effect fear had on
attitudes towards energy [Hass et al., 1975]. The results concluded that increas-
ing the perceived likelihood of an energy shortage did not affect attitude, but that
increasing the perceived noxiousness or severity of an energy crisis strengthened
intention to reduce energy consumption [Hass et al., 1975]. With respect to tech-
nology attitudes, a small study in Los Angeles found no link between general atti-
tudes towards technology and conservation behaviour [Anderson & Lipsey, 1978].
The 1970s oil crisis highlighted how large global events can influence attitudes
towards energy use, with the Fukushima Daiichi nuclear disaster as a more recent
example that resulted in stronger anti-nuclear sentiments [Visschers & Siegrist,
2013].
Whether it is large global events or local culture, context is an important fac-
tor to consider when investigating attitudes towards energy [Lutzenhiser, 1992;
Owens & Driffill, 2008; Shove et al., 1998]. For example, a study in Canada ex-
amined the relationship between homeowners’ attitudes and their winter gas con-
sumption, and found that thermal comfort was the most important determinant
of household energy use [Becker et al., 1981]. On the other hand, other studies
found a wide range of socio-demographic variables more significant in determining
household energy use [Abrahamse & Steg, 2009; Guerin et al., 2000; Ritchie et al.,
1981]. For example, a large scale Texas study investigating viewpoints towards
energy use in the southwestern United States also found that thermal comfort
and health was the prevailing attitude [Samuelson & Biek, 1991]. However, even
though the Canadian and Texas study conclusions were broadly similar, the inter-
pretation of the results was quite different given that thermal comfort in Canada
is largely defined by heating, while air conditioning determines thermal comfort
in Texas. Another cultural difference example was revealed in a US study that
politically conservative individuals were less likely to adopt energy efficiency mea-
sures than were those who were more politically liberal [Gromet et al., 2013].
Gromet et al. [2013] concluded that the results were driven primarily by the re-
duced psychological value that more conservative individuals placed on reducing
carbon emissions. However, such politically-based psychological value depends
heavily on the political context, and may not be applicable across political borders
or successive governments. Such studies highlight the need to understand and
45
2. Background
present both physical and temporal context before attempting to interpret social
attitude research.
In the UK, the Department of Food and Rural Affairs (Defra) conducted a series
of environmental attitude studies to investigate three areas: first, to understand
pro-environmental behaviour and attitudes; second, to investigate how those at-
titudes can be used to encourage sustainable energy consumption at home; and
third, to outline a framework to generally encourage pro-environmental behaviour
[Defra, 2007, 2008]. Their results segmented the population into seven major
groups according to their environmental values, namely: Greens; Consumers with
a Conscience; Wastage Focused; Currently Constrained; Basic Contributors; Long-
Term Restricted; and Disinterested [Defra, 2007]. While thorough, these studies
focused only on environmental attitudes as opposed to general attitudes on en-
ergy use. With respect to energy, numerous studies have investigated attitudes
toward specific issues such as wind or solar power [Eltham et al., 2008; Faiers &
Neame, 2006; Jones & Eiser, 2009; Krohn & Damborg, 1999], but very few stud-
ies have sought to specifically identify attitudes towards home energy use more
generally. Instead, some studies solely investigated environmental attitudes with
the implicit assumption that only those attitudes were related to domestic energy
use [Mansouri et al., 1996; Zhang et al., 2012]; while other studies treated at-
titudes/behaviour as a poorly defined nebulous variable in a statistical or engi-
neering model [Druckman & Jackson, 2008; Swan & Ugursal, 2009]. Therefore,
to address this gap in extant scholarship, this study aimed to clearly identify gen-
eral household viewpoints/attitudes towards energy use and link them to technical
retrofit preferences and energy efficiency behaviours in a UK context.
2.6 Summary
In summary, this literature review highlighted the importance of addressing the
Energy Efficiency Gap in the UK. In order to improve the understanding of this
phenomenon, the literature review also identified a knowledge gap for more inter-
disciplinary research that considers both social and cultural factors alongside tradi-
tional technical and econometric measures. Hence, this chapter introduced a socio-
technical Energy Culture model that links household barriers and motivations to
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adopt retrofit measures with retrofit technologies and social attitudes towards en-
ergy. The relevant literature underpinning the model was also reviewed, and based
on these insights, the following chapter presents the research design and overall
methodology used by this research.
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This chapter presents the overarching research philosophy, methodology, and de-
sign. The research was carried out to address the identified knowledge gap of
inter-disciplinary research into the Energy Efficiency Gap. As such, the research
questions were crafted to gain a broad insight into the social and technical fac-
tors affecting the adoption of retrofit measures. Specifically, this research investi-
gated household retrofit barriers/motivations, viewpoints towards energy use, and
retrofit technology and behaviour preferences.
To answer the research questions, an overarching interpretivist paradigm and
mixed-method methodology were adopted [Ponterotto, 2005]. Broadly, the re-
search was conducted in two phases. The first phase applied thematic analysis and
a modified chi-square test of association to investigate the barriers and motivations
of retrofitting; while the second phase applied Q Methodology and a questionnaire
to investigate household viewpoints towards energy use, and retrofit technology
and energy efficiency behaviour preferences.
This chapter is divided into two halves: the first half outlines the theoretical
underpinnings of the research philosophy and methods; while the second half dis-
cusses the practical implementation of the methods.
3.1 Research philosophy
This research adopted a broad interpretivist paradigm as its philosophy. Within
this paradigm, the research design and interpretation of the results were guided by
a relativist ontology and constructivism epistemology. Essentially, interpretivism
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maintains that reality is constructed in the mind of the individual based on mean-
ings, context, and shared experiences, and only to a lesser extent determined by
fixed physical structures [Ponterotto, 2005; Robert Wood Johnson Foundation,
2008; Routledge, 2000]. In other words, individuals construct their knowledge
and truth as the result of perspectives, and create a world around them through a
process of social exchange [Crotty, 1998, p. 57 - 59]. For example, can a Picasso
masterpiece be enjoyed by simply reading a description of its colours, the inten-
sity of each shade, the size of the details and the dimensions of the frame [Black,
2006]?
As a result of this philosophy, data was primarily collected by speaking to in-
dividuals; although objective data such as household demographics was also col-
lected to aid in the interpretation of the results. Consequently , the identified
motivations, barriers, attitudes, and technology preferences were taken as subjec-
tive beliefs valid in their own right. For example, if an individual stated that they
did not have enough space in their loft for insulation, that belief was considered
valid even though that may not have been the objective truth.
This approach is congruent with the perspective that people use energy, not
buildings [Janda, 2011], and the Energy Culture framework that describes how
our cognitive norms, such as upbringing and education, are linked to our energy
practices and material culture [Hargreaves et al., 2010; Rayner & Malone, 1998;
Stephenson et al., 2010].
3.2 Methodology
Based on an interpretive paradigm, this research was conducted using a concur-
rent mixed-method methodology, i.e. a mix of parallel qualitative and quantitative
approaches. Using mixed-methods, three of the research questions were answered
primarily with qualitative approaches supplemented by quantitative data, specifi-
cally, the motivations for retrofitting, the barriers for retrofitting, and household
viewpoints towards energy use. The remaining research question was answered
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primarily with a quantitative method supplemented with qualitative data, specif-
ically, retrofit technology and energy efficiency behaviour preferences, and inves-
tigating the relationships between the viewpoints and stated preferences. For ex-
ample, the questionnaire included open response boxes, and demographics were
statistically linked with qualitative barriers/motivations. The aim of using mixed-
methods was to facilitate the inclusion of social context and participant subjectivity,
as well as increase the breadth and depth of data to aid in the final interpretation.
In detail, the motivations and barriers for retrofitting were identified through
the thematic analysis of street interview transcripts, and household viewpoints to-
wards energy use were identified through Q Methodology. Likewise, a quantitative
questionnaire was used to measure retrofit technology/behaviour preferences, and
multiple statistical tests of association were applied to investigate the relationship
between the stated preferences and viewpoints.
Figure 3.1 is a visualisation of the adopted research philosophy, methodology,
and design.
Constructivism
Mixed-methods
Thematic analysis
Q Sorts
Interviews
Questionnaires
Test statistics
Ontology
Epistemology
Methodology
Methods
Research tools
Relativism
Q Methodology
Statistics
Figure 3.1: PhD research philosophy and methodology
Adapted from [Saunders et al., 2009, p. 108]
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3.3 Methods
The selected research methods are discussed below, followed by their practical
designs.
3.3.1 Thematic analysis
Thematic analysis was applied to answer the first two research questions: what are
the barriers preventing households from adopting retrofit technologies and energy
efficiency behaviours, and conversely what are their motivations? This involved
identifying important information in semi-structured interview transcripts and en-
coding it prior to a process of interpretation [Boyatzis, 1998; Pelenur & Cruick-
shank, 2012b]. The identified codes were then used to organise the data in order
to identify and develop the barriers and motivations [Fereday & Muir-Cochrane,
2008]. As such, the results represented specific patterns found in the data, and
were identified inductively [Marks & Yardley, 2004]. A strength of this approach
is that it provides flexibility for the researcher to define their own criteria that best
answers their specific research question [Braun & Clarke, 2006]. However, an im-
portant point to address in terms of coding is what counts as a pattern/theme?
Generally, a theme captures something important about the data and represents
some level of meaning within the data. Therefore, since this research aimed to
identify a wide range of possible retrofit motivations and barriers, no quantitative
prevalence threshold was set, i.e. there was no minimum number of responses
required before identifying a theme. Instead, the coding process was inclusive and
comprehensive, identifying all unique motivations stated by participants to provide
a rich thematic description of the entire data set [Braun & Clarke, 2006]. An ad-
vantage of this approach was that it provided a flexible method for the systematic
detailed analysis of qualitative data. The flexibility, inclusiveness, and comprehen-
siveness of thematic analysis is why it was selected over other more quantitative
methods, such as content analysis. Conversely, this flexibility can also be viewed
as a disadvantage since it does not provide specific guidelines of analysis for the
researcher [Braun & Clarke, 2006].
Once the barriers and motivations were identified, interviewee demographics
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were then used to enhance the context and interpretation of the results. For ex-
ample, was the initial purchase price of a retrofit measure consistently stated as a
barrier more often in Manchester than in Cardiff? In order to investigate such pos-
sible associations, contingency tables were formed between demographic variables
and all the motivations and barriers were identified by thematic analysis. A mod-
ified first-order corrected Rao-Scott chi-square statistic was then used to identify
significant associations [Pelenur & Cruickshank, 2012b].
3.3.2 Modified chi-square test statistic
The test of association for contingency tables with categorical data, such as motiva-
tions and barriers to retrofitting, is normally done with a Pearson’s chi-square test
of association. However, it was not possible to apply a standard test to this data
because the interviewees were asked to list ANY barriers and motivations towards
retrofitting rather than a SINGLE barrier or motivation. Hence, it was possible for
individual interviewees to state multiple barriers/motivations, i.e. the categorical
data (barriers and motivations) was multi-response. As such, a traditional Pear-
son chi-square was inappropriate since there was within-participant dependence
among responses, thereby invalidating the independence of observation assump-
tion underpinning the test [Bilder & Loughin, 2004]. Table 3.1 is an example of
this multi-response data, shown as a contingency table between the demographic
variable of Sex and 8 barriers (B1 - B8).
Table 3.1: Contingency table of demographic variable Sex versus barriers
Sex Barriers Total number of Total number of
[D1] B1 B2 B3 B4 B5 B6 B7 B8 responses participants
Female 12 34 18 4 10 13 19 25 135 88
Male 4 31 7 11 18 17 14 15 117 85
Total 16 65 25 15 28 30 33 40 252 173
Table 3.1 highlights the within-participant dependence problem. Note that
since some interviewees mentioned multiple barriers, the total number of responses
for females was 135 with only 88 females interviewed. As such, instead of a stan-
dard singly-by-single test, a single-by-multiple (SM) response test was required.
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Categorical multiple response survey data
Despite the historic use of multiple response surveys, tests for association for this
type of data were only recently proposed during this last decade. As listed by
Thomas & Decady [2004], current tests fall into two classes: the first, ‘bootstrap-
ping’ a suitable test statistic when its distribution is not known exactly [Loughin
& Scherer, 1998]; and the second, approximating chi-squared tests [Decady &
Thomas, 2000]. The latter were of particular interest because of their familiar-
ity and close relation to the classical Pearson chi-square test [Thomas & Decady,
2004], which is widely understood and recognised as a standard statistical test. In
order to retain intuitive familiarity with the results, this research used a modified
first-order corrected Rao-Scott chi-square statistic [Rao, 1984; Rao & Scott, 1981],
denoted as X 2SM(AL) , proposed by Agresti & Liu [1999], and Thomas & Decady
[2000, 2004]. As well as testing for association, the strength of the resulting asso-
ciation was also examined with a corresponding odds ratio table, as per Thomas &
Decady [2004].
Briefly, the test statistic X 2SM(AL) is calculated for a r × c data table by sum-
ming up the individual Pearson chi-square statistics for each of the c marginal r×2
tables relating the single response variable to the multiple response variable with
d f = c(r − 1) [Agresti & Liu, 1999]. Agresti & Liu [1999] found that this ap-
proach yielded a chi-square test statistic numerically similar to those produced by
other asymptotically correct procedures [Agresti & Liu, 1999]. Thomas & Decady
[2000], and Bilder et al. [2000] also independently showed that X 2SM(AL) can
be regarded as a member of the familiar Rao-Scott corrected chi-squared family of
tests for complex surveys [Thomas & Decady, 2004]. As such, the X 2SM(AL) statistic
is a simple and parsimonious approach to apply to categorical multiple response
data. For example, in Table 3.1, the eight marginal Pearson statistics are 4.11,
0.09, 5.22, 3.85, 3.07, 0.82, 0.73, and 2.82, each having d f = 1. Therefore, the
resulting X 2SM(AL) statistic is the summation of these values and equals 20.71 with
d f = 8, p = 0.008.
This approach can be re-written as a single equation by considering a single by
multiple response data table with n participants, and with row and column vari-
ables which consist of lists of items of length r and c. Thomas & Decady [2004] and
54
3. Research design
Bilder et al. [2000] showed that with the above notation and definition, X 2SM(AL)
can be calculated simply as:
X 2SM(AL) =
r∑
i=1
c∑
j=1
(mi j − nim. j/n)2
(nim. j/n)(1−m. j) (3.1)
In Equation 3.1, let mi j denote the number of participants (out of a total n) who
selected item i on the first variable and item j in the second. The number of par-
ticipants responding in row i of the table is denoted by ni for the single response
variable i = 1, . . . , r, and the marginal count, m. j, j = 1, . . . , c denotes the number
of participants selecting item j in the multiple response variable column (irrespec-
tive of row selection) [Thomas & Decady, 2004].
The probability pii j that a participant will respond positively to item i of the
row variable, and item j of the column variables is defined and estimated as pii j =
E(mi j)/n and pˆii j = mi j/n respectively, where E(.) denotes expectation [Thomas
& Decady, 2004]. Similarly, the one-way marginal probabilities pii and pi. j are
defined as pii = E(ni)/n, pˆii = ni/n and pi. j = E(m. j)/n, pˆi. j = m. j/n. Therefore,
the hypothesis for row by column marginal independence is expressed as:
Ho : pii j = piipi j
H1 : At least one equality does not hold
The above hypothesis of marginal independence is equivalent to the odds ratio
hypothesis Φi j = 1∀i, j so that as well as applying the X 2SM(AL) test statistic, the
data can also be displayed in terms of odds ratios, which can be used to examine
the strength of association [Thomas & Decady, 2004].
Analogously, the approach for single response versus multiple response vari-
ables (X 2SM(AL)) can also be extended to multiple response versus multiple re-
sponse (X 2M M(AL)) [Thomas & Decady, 2004]. Algebraically, the equation to cal-
culate X 2M M(AL) using the marginal counts for both rows and columns is:
X 2M M(AL) =
r∑
i=1
c∑
j=1
(mi j −mi.m. j/n)2
(mi.m. j/n)(1−m. j/n)(1−mi./n) (3.2)
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Thomas & Decady [2004] demonstrated that the multiple by multiple modified
first-order corrected Rao-Scott chi-square statistic (X 2M M(AL)) yields good control
of Type I errors, similar to X 2SM(AL). The hypothesis of row by column marginal
independence for two multiple-response variables is the same as for one multiple-
response variable [Thomas & Decady, 2004].
Using the modified test statistic, it was possible to statistically identify associ-
ations between interviewee demographics and the identified barriers and motiva-
tions to retrofitting. Such associations improve the inclusion of interviewee context
in the analysis and discussion. Alongside the identified barriers and motivations
to retrofitting, this research also used Q Methodology to investigate the underly-
ing general public viewpoints and attitudes about household energy consumption.
The aim of investigating retrofit barriers, motivations, and viewpoints towards en-
ergy consumption was to improve our contextual understanding of how households
view energy, in order to create a set of balanced and holistic recommendations to
improve the effectiveness of future retrofit initiatives.
3.3.3 Q Methodology
Q Methodology (Q) was developed by psychologist William Stephenson in 1952 as
a research method used to study the ‘subjectivity’ or viewpoints of specific topics
[Stephenson, 1952]. Since then, it has been adopted by multiple disciplines as a
robust tool to help researchers investigate a wide range of subjective topics such
as: teen pregnancy; divorce; and residence proximity to nuclear power plants.
The research presented in this thesis was the first to apply Q to energy use in the
UK built environment, specifically by investigating the public’s viewpoints towards
their household energy use.
As presented by Barry & Proops [1999], the general steps to a Q Study are
shown below. These steps should not be used in isolation, rather the seminal books
by Brown [1980] and Watts & Stenner [2012] provide a more detailed overview
of the application of Q.
1. Identify the area of subjective ‘discourse’ one wishes to explore, where the
term ‘discourse’ is used to represent the collective viewpoints on a given
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topic. In this study, the discourse under study was household viewpoints
relating to domestic energy use.
2. Research existing viewpoints through the use of interviews, focus groups, or
discussions with the relevant population. Other sources of opinions, such
as newspaper items or magazines, can also be used to supplement the in-
terviews. The main objective of this step is to create a comprehensive and
representative list of viewpoints that broadly encompass the discourse un-
der study [Brown, 2004; Watts & Stenner, 2005]. This step is performed as
carefully as participant selection for a normal survey [Brown, 2004].
3. With the data, make a selection of single idea statements (Q-set) that will
later be ranked by participants during the Q-sorts. The same participants
that were part of the statement interviews may also be selected for the Q-
sorts.
4. Perform Q-sorts with individual participants, where the statements (Q-set)
are presented to them and then typically ranked using a Likert-type scale into
a quasi-normal forced distribution. Although the shape of the distribution
is not significant [Watts & Stenner, 2012]. During this ranking stage, the
participants are asked to comment on their decisions, and these responses
are used to qualitatively inform the final analysis.
5. Perform a statistical by-person factor analysis with the rank ordered state-
ments.
6. Qualitatively interpret the resulting factors, which represent the emergent
viewpoints.
The forced quasi-normal distribution used as part of the Q Study is shown in
Figure 3.2, and an illustration of a participant performing the Q-sort is shown in
Figure 3.3.
Instead of a quasi-normal distribution, it is possible to use other forms such as a
‘free’ distribution where the participants have no ranking limit, as the distribution
effects are virtually nil [Brown, 1980; Watts & Stenner, 2005]. This is due to the
cognitive challenge faced by participants when ranking statements. Brown [1980]
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Figure 3.2: Q Study quasi-normal distribution
Figure 3.3: Example of a participant performing a Q Sort with cards
58
3. Research design
showed that with a relatively small Q set of only 33 statements, the cognitive rank-
ing task still presented participants with “roughly 11,000 times as many [sorting]
options as there are people in the world”; in other words, a “hyperastronomical”
number of combinations.
Although Q uses a type of statistical analysis, it should not be confused with
the commonly used quantitative R Methodology (example: questionnaires), which
seeks to identify and combine sets of dependant variables to statistically correlate
relationships between similar things. Instead, Q uses a by-person factor analysis in
order to identify groups of participants who rank and make sense of statements in
a comparable way [Watts & Stenner, 2005]. By supplementing the factor analysis
with interview transcripts, Q allows the researcher to interpret the statistical results
through a qualitative lens, thereby “establishing patterns within and across indi-
viduals rather than patterns across individual traits, such as gender, age, class, etc”
[Barry & Proops, 1999]. As such, Q offers the advantage of using a small sample to
parsimoniously explore subjective topics and identify complex viewpoints, while R
offers the advantage of generalisability to larger populations of people, and an ex-
planation of a perspective’s relationship to other variables [Danielson, 2009]. It is
also important to recognise that Q is an inherently exploratory technique, meaning
that it cannot prove hypotheses. However, it can help “bring a sense of coherence
to research questions that have many, potentially complex and socially contested
answers” [Smith et al., 1995].
At the same time as the Q-Sorts were being conducted, a questionnaire was
also administered to measure retrofit technology and energy efficiency behaviour
preferences. The results of the questionnaire were linked to the energy viewpoints
to provide context and assist in the Q Methodology factor interpretation.
3.3.4 Questionnaire to measure retrofit technologies and
energy efficiency behaviour preferences
The questionnaire investigated stated intent and desire to install various energy
efficiency technologies and/or behaviours in the home. The questionnaire design
was influenced by the Theory of Reasoned Action (TRA) and Theory of planned
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behaviour (TPB), which both suggest that the level of ‘intentions’ shown by an in-
dividual is the best predictor of their behaviour [Jackson, 2004; Kaiser et al., 1999;
Kalafatis et al., 1999]. TRA was developed by Fishbein and Ajzen in the late 1970s
as a model which assumes that people behave according to their beliefs about the
outcomes of their behaviour, and the values they attach to those outcomes. As Jack-
son [2004] explains, “my intention to act in a certain way is, in this circumstance,
likely to be a reliable indicator of my actual behaviour”. In their model, intention is
the key determinant of behaviour, however many examples exist where intention
and behaviour are often at odds, as the saying goes, “the road to hell is paved with
good intentions” [Jackson, 2004]. In order to address this point, the theory was
extended in the 1980s to TPB by Fishbein and Ajzen. The new model included an
additional indicator of both intention and action, known as perceived behavioural
control (PBC). PBC is defined as “the person’s belief as to how easy or difficult
performance of the behaviour is likely to be” [Ajzen & Madden, 1986].
Since their introduction, TRA and TPB have been widely applied to under-
standing behaviour in a range of different contexts, particularly to explore pro-
environmental behaviour [Jackson, 2004]. However, TRA and TPB have both been
criticised for not specifically measuring behaviour or accounting for affective or
emotional behaviour [Fitzmaurice, 2005].
For this research, the questionnaire was influenced by TRA/TPB but did not
formally apply the models, specifically the questionnaire measured the desire to
install or adopt a range of energy efficiency technologies and/or behaviours as
well as the participant’s stated intent to do so. The distinction between ‘desire’ and
‘intent’ was intentional, in order to capture situations when a participant wanted
to install/adopt a certain technology/behaviour (‘desire’), but could not do so (‘in-
tent’). For example, some participants wanted to install solar photovoltaic systems
to generate electricity (high ‘desire’), but could not do so because of the cost or due
to being a tenant (low ‘intent’). Therefore, a response box was also placed next to
each technology/behaviour in the questionnaire so that the participant could note
the reason for any difference between intent and desire, and to note any motiva-
tions or barriers to adopting the technology/behaviour. The questionnaires were
completed after the participants finished the Q-sort.
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Importantly, even though intention to act is often a reliable indicator of be-
haviour [Jackson, 2004], this study did not infer that the stated answers on the
questionnaire necessarily led to behaviour change. Instead, the purpose of the
questionnaires was to reveal potentially interesting relationships between the Q
study factors (viewpoints) and the stated intent and/or desire to install/adopt en-
ergy efficiency technologies/behaviours. Such relationships help ground the Q fac-
tors within an engineering and technological context, and help with the possible
interpretation of the factors.
The remaining sections describe the practical implementation of each of the
research methods.
3.4 Research scope
As part of the EPSRC RETROFIT 2050 programme, this research was geographi-
cally centred in the UK city regions of Cardiff and Greater Manchester. Cardiff and
Manchester were selected by the RETROFIT 2050 project because “both have long
industrial histories, both have suffered decline in recent decades and both are seek-
ing to overcome this decline, regenerating themselves into modern, vibrant cities”
[RETROFIT 2050, 2012]. In support of this geographical selection by the research
programme, the building stock in Manchester and Cardiff also stands to benefit by
systematic retrofitting, since there are still approximately 500,000 untreated lofts
and cavity walls in Manchester [Low Carbon Housing Retrofit, 2012], and only
approximately 18% of homes in Wales have cavity wall and loft insulation fitted
[National Refurbishment Centre, 2012].
The research methods were applied separately in both cities, but the results
analysed together to identify similarities and differences. Similarly, research par-
ticipants were selected as individuals, however, when possible the analysis was
conducted at the household level, i.e. retrofit motivations/barriers, energy view-
points, and technology/behaviour preferences were related back to households.
Households were a practical means of capturing important social context relevant
to retrofitting, for example inter-occupant relationships and how households view
themselves within their neighbourhood. Social context, such as collective norms
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or shared expectations, are important factors to consider in order to better un-
derstand energy consumption in the home [Hargreaves et al., 2010; Lutzenhiser,
1992; Rayner & Malone, 1998; Stephenson et al., 2010].
Temporally, this research applied a snapshot rather than longitudinal approach.
Specifically, the results reflected present conditions, so there is a risk that the rel-
evancy may diminish if there was a sudden change in the make-up of the physical
housing stock, or in how households view energy. For example, public opinion
towards nuclear energy noticeably shifted after the Fukushima Daiichi nuclear dis-
aster [Visschers & Siegrist, 2013]. However, the UK housing stock has a very slow
demolition and re-build rate [Boardman et al., 2005], so it is unlikely that the
neighbourhood housing stock will dramatically or quickly transform. Similarly,
from a social perspective, the Energy Efficiency Gap was identified over 30 years
ago, yet survived all the subsequent cultural evolutions [Scheraga, 1994]. There-
fore, it is also unlikely that short-term external events will dramatically or quickly
alter our social and cultural norms towards energy use. More likely, seasonal shifts
in the weather may affect subjective viewpoints towards household energy use.
Hence, the subjective research was carried out twice, once in the summer and
once in the winter, to compare and contrast results.
3.5 Research model
Based on the Energy Culture model [Stephenson et al., 2010], Figure 3.4 outlines
how the methods and broad sources of data fit into the theoretical model for this
research.
3.5.1 Cognitive norms
The cognitive norms component of the model refers to the attitude/value/belief
system that the household holds towards energy use [Stephenson et al., 2010].
For this research the following three methods were used to investigate household
cognitive norms: Q Methodology; interviews; and a questionnaire.
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Figure 3.4: Theoretical research design and data sources
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3.5.2 Material culture
The material culture of a household can be understood as a technical system in its
own right [Stephenson et al., 2010]. For this research context, the material culture
represented retrofit technologies and the household building fabric. This data was
collected through the use of a questionnaire and the ONS Neighbourhood Statistics
database.
3.5.3 Energy practices
Energy practices can be systematically understood as the interactions between in-
dividual, social, and institutional behaviours [Stephenson et al., 2010]. In this
model, energy practices referred to household energy efficiency behaviours and
were collected through thematic analysis of interview transcripts, and a question-
naire.
All the components of the model are highly interactive and linked, but also
systematically rest within a wider context [Stephenson et al., 2010]. For this re-
search, barriers were represented as a shared factor that encircles and affects all
the core components. Similarly, motivations affect all the core components and are
represented as directional arrows that can be used to overcome the barriers.
The following section describes the practical implementation used to investi-
gate each of the model components.
3.6 Research approach
3.6.1 Barriers and motivations for retrofitting
The retrofit barriers and motivations were identified from general population inter-
views in Manchester and Cardiff. The interview questions were first piloted twice
in Cambridge to ensure that the wording of the questions were easily understood
by participants, yet open enough to allow for varied responses [Pelenur & Cruick-
shank, 2011b]. The first pilot took place in winter 2011 with 40 randomly selected
members of the public using street interviews in the city centre. The second pilot
tested the questions in a questionnaire that was distributed to an evening public
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lecture held at the University of Cambridge. From the 315 questionnaires dis-
tributed, 118 were sufficiently completed to be analysed. As a result of the pilots,
the wording of the two questions and probing questions were selected as follows:
the first question asked, “Is there anything you would like to change about how your
household uses energy? If yes, what? And why? And how would your household
go about making the change? What are the drivers?”; the second question asked,
“What are some of the barriers preventing your household from making the change?”
The questions were worded to encourage the interviewee to adopt a ‘household’
perspective, rather than simply an ‘individual’ viewpoint. This was a deliberate
phrasing of the question so that the results would not only include individual be-
haviours, but also insights about how relationships between family members or
multi-tenanted homes affect consumption.
The interviews were conducted in three different locations in each city, so that
as many divergent viewpoints as possible could be captured. The Manchester set
of interviews took place over three days of a bank holiday weekend in April 2011,
and elicited 100 interviews in three locations. On day one, the interviews were
conducted in front of an ASDA store in the neighbourhood of Hulme; on day two,
in the Trafford Centre (up-scale retail); and on day three, in the city centre. The
Cardiff set of interviews followed the same pattern and also took place over three
days of a bank holiday in May, and elicited 98 interviews in the following three
locations: day one, in front of a Super ASDA; day two, in front of a suburban Tesco;
and day three, in the city centre. The varied locations were selected in order to
reduce the sample bias from a single location and the interviews were conducted
over bank holiday weekends to increase the range of demographics capable of
participating (since the majority of people were off work).
After transcribing the interviews, the barriers and motivations were coded using
the online qualitative research and mixed methods package, Dedoose. The coding
process followed a thematic analysis three stage approach: first, each transcript
excerpt that described a barrier or motivation was summarised by an axial code;
second, the codes were analysed and grouped by sub-theme; third, the analysis was
repeated in an iterative process that eventually grouped the sub-themes into an
emergent theme code representing an identified barrier or motivation [Pelenur &
Cruickshank, 2012b]. This process allowed for interviewees to state all the salient
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barriers or motivations to retrofitting affecting their household; instead of limiting
them to select from a pre-defined list. As such, this approach was inductive and
exploratory in nature, as opposed to explanatory.
Demographics associated with barriers and motivations
In order to include interviewee context in the analysis, each of the identified barri-
ers and motivations were linked to their respective interviewee demographics, and
statistically analysed by examining the subsequent contingency tables between de-
mographics and barriers/motivations. For the analysis, all the demographic vari-
ables were treated as categorical, i.e. levels were assigned to each variable, in
order to allow for consistent tests of association. The threshold values that defined
each level were selected in order to ensure as closely as possible that “no more
than 20% of the expected counts [in the resulting contingency tables] are less than
5, and all individual counts are 1 or greater” [Yates et al., 1999, p. 734].
The tests of association for the resulting multi-response contingency tables
with categorical data were done with the first-order corrected Rao-Scott chi-square
statistic (X 2SM(AL)). The strength of the resulting associations were also examined
with a corresponding odds ratio table [Thomas & Decady, 2004].
3.6.2 Household viewpoints towards energy consumption
After identifying household motivations and barriers to retrofitting, a Q-study was
undertaken to investigate the subjective viewpoints households hold towards their
energy consumption.
Q-set design and content
The Q-set (range of single idea statements) for the Q-study were derived from the
same general public semi-structured transcripts used to identify the motivations
and barriers in Manchester and Cardiff, as well as from the transcript of a multi-day
workshop with energy retrofit professionals. In total, approximately 200 suitable
single idea Q statements were identified after removing obvious duplications. This
list of ‘raw’ statements was then grouped into themes according to an inductive
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and structured Q-set approach as described by [McKeown & Thomas, 1988]. As
such, statements were selected to cover a range of topics in order to avoid biases
in over-or-undersampling particular subject areas [Steelman & Maguire, 1998].
The topics themselves were defined inductively after the statements were identi-
fied, as opposed to being deductively pre-defined based on theory [McKeown &
Thomas, 1988, pp 28-30]. While it is impossible to truly separate the researcher’s
own subjectivity from affecting an inductive process, efforts were made to reduce
possible bias by asking four colleagues to independently repeat the theme identifi-
cation process. Afterwards, all the identified topics were compared together, and
common themes emerged based on overlapping statements. In total, all the raw
Q Statements were grouped within the following 8 themes representing different
sub-topics of domestic energy consumption:
1. Economics and finance;
2. Information, awareness, and education;
3. Environment and the future;
4. Energy supply/generation;
5. Heating, home and technology;
6. Other people’s behaviour;
7. My energy efficient behaviour;
8. I don’t want to change/my inefficient behaviour.
In order to select only the most salient statements from each theme to ensure
an approximately equal distribution, the complete list of Q Statements (grouped
by theme) was shown to four non-academic volunteers unfamiliar with Q method-
ology. The statements that the volunteers felt were the easiest to understand and
relevant to the topic (energy consumption in the home) were selected. The final
Q-set consisted of 65 statements and is shown in Appendix A.
Ideally, the goal of the Q set is to capture the broadest rage of viewpoints
based on the discourse, in this case energy use in the home [Durning & Brown,
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2007; Karim, 2001]. However the Q set does not depend on traditional issues
of validity because a viewpoint expressed by an individual is just as valid as any
other expressed viewpoint and cannot be deemed invalid [Brown, 1980; Durning
& Brown, 2007]. Even when individuals interpret the same statements differently,
the important insight is what meanings the participants themselves derived from
the statement in comparison to all the other statements [Brown, 1980; Durning &
Brown, 2007]; as opposed to any a priori meanings imposed by the researcher.
Participants (P-set)
The participants (P-set) for this study were drawn from four areas in Cardiff and
four areas in Manchester, shown in Figure 3.5. The area boundaries were de-
fined by the Office for National Statistics (ONS) Middle Layer Super Output Area
(MSOA) geographies. MSOAs were designed to improve the reporting of small area
statistics and are geographically consistent with between 2,000 to 6,000 homes in
each area [Office for National Statistics, 2011b]. Using a list of census and de-
mographic variables, the four areas in each city with respect to the built form and
energy use were selected to most closely match the average for the city as a whole.
This was achieved by standardising the census data within each MSOA and then
taking the difference between the MSOA data and the corresponding city variable.
The differences for all the variables were then summed, and the four areas with
the smallest total (i.e. smallest difference from city average) were selected. As
such, these areas represented typical neighbourhoods in Manchester and Cardiff,
as opposed to randomly selected neighbourhoods. The census variables are shown
in Table 3.2 and the calculations are shown in Appendix B.
Table 3.2: Variables used to select MSOA samples
Demographic variables
Household tenure (KS18) Age structure (KS02)
Dwelling stock by council tax band Household composition (KS20)
Household spaces and accommodation type (KS16) Domestic energy consumption
Rooms, amenities, central heating and lowest ﬂoor level (KS19)
All the variables in Table 3.2 related to MSOA level statistics, with parenthesis
indicating a census variable. The data was collected from the Office for National
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Statistics, Neighbourhood Statistics Database, and since the 2011 census data was
not available at the time of this research, the 2001 census was used instead. Each
variable is briefly described in the following list:
• Household tenure referred to the proportion of homes that were owned out-
right versus rented (private, council, or housing association).
• Age structure referred to the median and mean age of the population in the
MSOA.
• The dwelling stock by council tax band, which listed properties by council
tax rating, was data compiled from Valuation Office Agency.
• Household composition referred to the family structure within households.
For example, the proportion of pensioners, married couples, or lone parents.
• Household spaces and accommodation type specified the type of home, such
as detached, terraced, or flat (commercial building, purpose built, or con-
verted).
• Domestic energy consumption data was collected from the Department of
Energy and Climate Change, and included both gas and electricity.
• Rooms, amenities, central heating and lowest level floor was a compound
variable that included: average household size (number of occupants); aver-
age number of rooms per household; occupancy rating; with/without central
heating; lowest floor level.
These variables included all the physical built form and demographic variables
relating to homes available at the MSOA level. By standardising them and com-
paring to the city average, it was possible to select the 4 most typical MSOAs in
each city. This was deliberate sampling in order to meet the research objective of
investigating general viewpoints about household energy use in ‘normal/typical’
neighbourhoods. This type of non-probabilistic sampling is the norm in Q [Brown,
1980; Watts & Stenner, 2012], where participants are usually chosen based on a
priori theoretical design, rather than representativeness or quantity [Eden et al.,
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2005]. As such, since this study investigated the general public’s viewpoints, par-
ticipants were purposely drawn from typical neighbourhoods in each city. However,
it may be interesting for future research to investigate and contrast attitudes from
fringe communities.
In total, there were 10,908 households in the 4 areas of Cardiff and 12,667
households in the four areas of Manchester. Leaflets offering a chance to win £250
in grocery vouchers for participating in the study were delivered to all the homes,
followed by 2 days of door knocking in each of the areas. The leaflet distribution,
door knocking, and Q-sorts in both cities occurred over the Summer of 2012. The
goal was to recruit at least 10 participants from each of the areas. In total, 46
participants were recruited in Manchester and 45 in Cardiff. Figure 3.5 highlights
the specific locations of the MSOAs in each of the cities.
Figure 3.5: Geographic maps with highlighted sample areas in Manchester and
Cardiff
Maps from Google Maps 2013
Administering the Q-sort
Prior to administering the Q-sorts in Manchester and Cardiff, two pilot tests were
conducted with 14 participants in Cambridge and London. The aim of the pilots
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was to test the Q-set and retrofit technology/behaviour questionnaire. Following
their Q-sort, each participant was asked the following questions:
• Did you understand the condition of instruction?
• Did you feel there were any statements missing, and if so, which statements
would you add?
• Did you understand all the statements?
After this feedback, each participant completed the questionnaire and answered a
similar set of questions. Feedback from the pilot study indicated that the Q-set was
comprehensive and easy to understand, although a few minor wording changes
were recommended. The Q-set and questionnaire were modified accordingly.
For the main study, the Q-sorts in each city were individually conducted in
either the participant’s home or in a public location, with the 65 Q Statements
provided on separate and numbered cards for each participant to sort. During
the Q-Sort, the participant was instructed to first sort the items into three piles:
“disagree”; “neutral”; and “agree”. After this coarse sort, the participant was then
instructed to sort the piles one at a time (using “neutral” as the last pile) onto a
quasi-normal forced distribution using a scale from -6 (most disagree) through 0
to +6 (most agree) [Watts & Stenner, 2012]. The specific condition of instruction
was, “use the statements in the Q-Sort to indicate your personal views about energy
use in your home. Sort the items according to those which you most agree (+6) to
those with which you most disagree (-6). The term ‘energy’ is meant to represent
primary and secondary energy sources (natural gas, coal, electricity, etc).”
After performing the Q-sorts, a semi-structured interview was conducted with
each participant. The aim of the interview was to understand why participants
sorted the statements the way they did, and to ensure that their viewpoint was
adequately represented in the Q-sort. The interview transcripts were used to aid
the final interpretation of the results. The specific questions asked were:
• Do you feel there were any statements missing, if so which statements would
you add?
• Can you please explain the reasoning for choosing the extreme (+/- 6) state-
ments?
71
3. Research design
• What do the extreme statements mean to you?
• In general, can you sum up your thoughts around this topic, specifically how
you feel about energy use in your home?
• Did anything surprise you from the process?
After the interview, the participants completed the questionnaire that measured
their preferences towards energy efficiency technologies and behaviours. The re-
searcher was present to explain the instructions, answer any queries, and ensure
that no questions were accidentally missed.
3.6.3 Retrofit technology and energy efficiency behaviour
preferences
The questionnaire was created in order to measure the preference, as defined by
intent and desire, of installing energy efficiency technologies in the home and/or
adopting energy efficiency behaviours. In total, 18 energy efficiency technologies
and 7 behaviours were included in the questionnaire. The technologies were se-
lected based on their inclusion in the UK’s Standard Assessment Procedure (SAP),
that is the methodology used by the UK government for assessing and comparing
the energy and environmental performance of dwellings [Department of Energy
and Climate Change, 2012c]. The behaviours were inductively identified from the
198 general population interviews conducted in Manchester and Cardiff [Pelenur
& Cruickshank, 2011b]. Table 3.3 lists the specific technologies and behaviours
included in the questionnaire.
For each technology and behaviour, the questionnaire used a 7 point Likert
Item (from “strongly disagree” to “strongly agree”) to measure the response of the
following questions: “I want to fit/adopt this measure/behaviour in my home”;
and “I intend to fit/adopt this measure/behaviour in the next 12 months.” Par-
ticipants were also asked to tick a box if they had already installed/adopted the
technology/behaviour in their home and to comment on any differences between
their ‘intent’ and ‘desire’ responses, such as barriers, or motivations. If there were
any technologies or behaviours unfamiliar to the participant, they were asked to
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Table 3.3: Technologies and behaviours included in the questionnaire
Technologies
Loft insulation Wall insulation
Floor insulation Boiler insulation
Double glazing Triple glazing
Condensing boiler Draught prooﬁng
Ground source heat pump Domestic Combined Heat and Power (CHP)
Air source heat pump Energy eﬃcient lighting
Passive lighting Micro-wind
Solar PV Solar thermal
Improved heating controls Radiator thermometers
Behaviours
Seek energy saving advice (from energy companies or government)
Coordinate the time-of-use of appliances in order to minimise peak demand
Turn appliances oﬀ completely rather than leave on stand-by
Get rid of unnecessary gadgets or appliances
Consciously use less
Use lower temperature for washing machine
Put on a jumper before turning up the heating
skip the question. Finally, the questionnaire asked a series of personal and house-
hold demographic questions. At the end, each response was reviewed together
by the researcher and the participant to ensure that they understood the differ-
ence between ‘intent’ and ‘desire’ for installing/adopting energy efficient technolo-
gies/behaviours. Similar to the Q-set, the questionnaire was also piloted in Cam-
bridge.
Linking the questionnaire with the Q-study
In order to link the results of the questionnaire with the Q sorts, tests of associa-
tions were carried out between the numerical Q factor loadings and the question-
naire responses. For this purpose, other studies have used ANOVA, MANOVA, Pear-
son’s correlation, and Path Analysis [Kubier, 2010; Thomas & Baas, 1996; Thomas
et al., 1982, 1993]. However, since the questionnaire variables consisted of mul-
tiple data types, a range of correlation measures and test statistics were used to
investigate the relationship between the numerical Q factor loadings and the ques-
tionnaire responses. For example, the technology intent and desire Likert Items
were interpreted as ordinal while the type of home (a demographic variable) was
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categorical (nominal). While there is considerable debate around the interpreta-
tion of Likert Scales (which are composed from Likert Items), it is generally rec-
ommended that individual Likert Items should be analysed as ordinal data [Carifio
& Perla, 2007; Jamieson, 2004]. Table 3.4 summarises the data types associated
with each of the questionnaire variables, and the test of association or test statis-
tic used to correlate each variable with the numerical (interval/scale continuous)
factor loadings from the Q study.
Table 3.4: Tests of associations with interval continuous variable
Questionnaire variables Data type Test of association
Technology/behaviour desire Ordinal - Likert Item Spearman's rho
Technology/behaviour intent Ordinal - Likert Item Spearman's rho
Installed/adopted (yes/no) Dichotomous nominal Point-biserial
Sex Dichotomous nominal Point-biserial
Age Ordinal Spearman's rho
Education level Nominal Anova (F Test)
Marital status Nominal Anova (F Test)
Household income Ordinal Spearman's rho
Tenure Nominal Anova (F Test)
Type of home Nominal Anova (F Test)
House age Ordinal Spearman's rho
Number of bedrooms Interval Pearson correlation
For all the listed tests of association, the null hypotheses Ho was no significant
correlation between any of the questionnaire variables and the factor loadings,
while the alternative hypothesis H1 was the existence of any correlation between
the variables. Since there were multiple hypothesis testing between variables, the
resulting p-values from each test were adjusted to correct for multiple comparisons.
For this study, the Benjamini-Hochberg procedure (BH step-up) was used to adjust
the final p-values and control the false discovery rate (FDR) , i.e. the expected pro-
portion of incorrectly rejected null hypothesis (“false discovery”). FDR procedures
are widely used in data rich fields such as: physics; weather mapping; and genet-
ics, because the procedures have been shown to more powerful than comparable
methods that control for the traditional familywise error rate (such as the Holm or
Bonferroni method) [Abramovich & Benjamini, 1996; Weller et al., 1998; Yekutieli
& Benjamini, 1999]. The adjusted p-values help correct for errors introduced by
multiple comparisons, and are a more accurate reflection of significance.
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3.6.4 Seasonality
The Q-study and questionnaire were both conducted during summer; however,
subjective viewpoints towards energy use may change in the winter, when the
heating is on and outdoor temperatures have dropped. As such, a winter survey
was carried out after the summer research with all 91 participants (46 in Manch-
ester, and 45 in Cardiff). The aim of the survey was to investigate how the change
in seasons affected viewpoints towards household energy use.
The survey was administered as a posted questionnaire with an introductory
letter, and an offer to win £50 in Amazon vouchers for participating. In order
to increase the returned response rate, the questionnaires were kept as simple as
possible. In total, 5 questions were asked. All the questions except the fifth were
repeated from the Q-study or the street interviews. Specifically, the first 4 questions
were:
• In general, can you sum up your thoughts about energy use in your home
(electricity/gas)? [Open ended answer]
• Is there anything you would like to change about how your household uses
energy? If yes, what? Please include motivations for the change and/or
barriers stopping you. [Open ended answer]
• How frequently do you think about your household energy use? [5 point
Likert Item]
• Thinking about your home in the winter, how easy or difficult is it to keep
your home warm when the heating is on? [4 point response scale]
The fifth question asked participants to read through the original 65 statements
used in the Q-study and select the 5 statements they most agree with, and the 5
statements they most disagree with. Finally, a response box was provided for par-
ticipants to explain the reasoning for their selections. This approach was selected
since it was somewhat analogous to a Q-study but much more simplified; as op-
posed to administering a second full Q-study by post, which may have been too
onerous and unreliable for the participants.
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In total, 91 winter surveys were posted and 34 were returned, 19 from Cardiff
and 15 from Manchester, resulting in an overall response rate of 37% . This re-
sponse return rate was within one standard deviation of a normal average for
mailed out questionnaires, as identified by review papers employing response rate
meta-analysis [Baruch, 1999; Baruch & Holtom, 2008]. From the 34 returned
surveys, 3 were incorrectly filled out and could not be used.
The results from the winter survey were compared against the main summer
study, and differences identified in order to enhance the discussion of the main
study conclusions. However, since the winter survey was not a full Q Study, it
was not possible, nor desirable, to verify the test-retest reliability with the sum-
mer survey. Test-retest reliability asses the consistency of a measure from one time
to another, i.e. administering the same test to the same sample on two different
occasion [William Trochim, 2006]. For Q methodology, the Q-sort reliability co-
efficients of a person with himself have been shown to normally range from 0.8
upward [Brown, 1980; Dennis, 1992; John Nicholas, 2011].
3.6.5 Research ethics
As part of this research, the ethics and implications of using human participants
for the interviews, questionnaires, and Q-sorts were carefully considered in the
design. This research design respects the ethical code for research set out by the
School of Technology, University of Cambridge [School of Technology, 2011], and
followed the specific guidelines prescribed by Blackwell [2013]. The ethical code
and guidelines were applied to the recruitment of participants, anonymity, data
retention, incentives, and permission.
At each stage of the research, and with each method, informed consent was
obtained from all participants. Consent was given with a signed form outlining the
research purpose, outcomes and clearly stating that participants could opt out at
any point. Once collected, the data was made anonymous and kept secure. All
information that allowed participants to be identified was kept in a separate place,
with only the anonymous data used during the analysis.
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3.7 Summary
In summary, this chapter presented the research philosophy, methodology, and de-
sign. Specifically, a broad interpretivist paradigm and mixed-method methodology
was adopted to investigate household retrofit barriers/motivations, viewpoints to-
wards energy use, and retrofit technology and behaviour preferences. The methods
used were: first, thematic analysis and a modified chi-square test of association to
investigate the barriers and motivations of retrofitting; and second, Q Methodol-
ogy and a questionnaire to investigate household viewpoints towards energy use,
and retrofit technology and energy efficiency behaviour preferences.
The overarching aim was to answer the research questions, and address the
knowledge gap for more inter-disciplinary research into understanding the Energy
Efficiency Gap. To this effect, a socio-technical approach was adopted that consid-
ered both social and technical factors affecting the adoption of retrofit technologies
and energy efficiency behaviours in the home. Overall, this research aimed to im-
prove the understanding of household energy use in the UK.
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4 | Results
This chapter presents the overall research results in broadly two parts. The first
identifies the barriers and motivations to retrofitting, along with their associated
demographics. While the second part discusses household viewpoints towards en-
ergy use, and corresponding technology/behaviour preferences.
4.1 Barriers and motivations to retrofitting
In total, 198 general public semi-structured interviews were conducted in Manch-
ester and Cardiff. During the interview, if the topic of barriers or motivations was
not discussed then it was not used in the analysis. As such, 25 interviews were ex-
cluded from the identification of barriers, and 49 for motivations. Table 4.1 shows
the summary demographics from all the interviewees (percentages do not always
sum to 100 due to rounding).
Table 4.1 highlights how the interviews captured a broad distribution of de-
mographics. Based on the interview transcripts and an iterative thematic analysis
procedure, a total of eight barriers and eight motivations were identified. The
barriers and motivations are discussed individually in the following sections, and
summarised as frequency graphs in Figure 4.1 and 4.2. However, these frequencies
should not be used to signify population prevalence or importance, as the thematic
analysis was exploratory in nature, not explanatory.
4.1.1 Barriers to retrofit
A total of eight barriers were identified from the study. The barriers included
the traditional economic and technical perspectives (cost, limitations imposed by
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Table 4.1: Summary demographics
Demographic Percent of Demographic Percent of
variables participants variables participants
Sex Location
Female 50% Manchester 51%
Male 50% Cardiﬀ 49%
Age Income
Under 30 19% ¿20k and less 23%
30 - 45 35% Between ¿20k to ¿40k 29%
45 - 60 30% Between ¿40k to ¿60k 19%
Greater than 60 16% Greater than ¿60k 15%
Refused 14%
Education Marital Status
Degree or more 51% Single/widowed 46%
High school/Trade 49% Married/common law 54%
Number of bedrooms Type of dwelling
1 - 2 39% Flat/apartment 25%
3 36% Terrace (end or mid) 25%
Greater than 4 25% Semi/detached house 50%
Number of occupants Type of tenure
1 - 2 52% Own 56%
3 - 4 37% Rent/live with family/friends 44%
Greater than 4 11%
Cost
Property itself
Personal behaviour
None (no barriers)
Landlord-tenant/housing council
Family/partner/housemate
Beliefs/information
Institutional
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40
33
30
28
25
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15
Number of responses
Figure 4.1: Barriers towards the adoption of energy efficiency measures in the
home
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Save money
Environmental/emissions
Resource efficiency
None (no personal motivation)
Warmth and comfort
Aesthetics and space
Health and safety
Time and convenience
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2
Number of responses
Figure 4.2: Motivations towards the adoption of energy efficiency measures in the
home
the property itself), but also underscored important social factors, such as family
disputes and personal behaviour/beliefs [Pelenur & Cruickshank, 2012a].
Cost
The upfront cost of energy efficiency measures is the economic barrier that re-
ceives the most attention in similar studies and policy [Pelenur & Cruickshank,
2012b]. However, there was some complexity within this barrier, for example, the
idea of discounted costs versus perceived benefits. Specifically, if the benefits of
the retrofit measure are not correctly valued by the household, then reducing the
upfront price may not necessarily increase its up-take. Likewise, if the price is in-
correctly perceived as too expensive, then the challenge lies not in reducing cost
but in adjusting perception. Two illustrative quotes highlight this point,
“The thing is, if you double glaze your house and everything, it is an
awful lot of money, and how many years is it going to take before you
get your money back?”; “. . . Maybe cost, even though we don’t know
how much [energy efficiency measures] cost.”
Therefore, even though cost is a traditional economic barrier, households may not
act as rational actors.
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Property itself
This barrier encompassed the sub-barriers of the physical property, and conser-
vation & heritage. The property sub-barrier referred to the limitations that the
property structure itself imposes on residents, for example the space available in
the home, its age, or unsuitable loft space roofs. The conservation & heritage sub-
barrier captured the case in which owners were unable to install energy efficiency
measures because of planning issues, specifically if they were either listed build-
ings or in a conservation area. It is interesting to note, that some respondents
mentioned the aesthetics of the home as a barrier, for example,
“we’ve got original windows in our house, which aren’t secondary dou-
ble glazed, so that’s a huge loss of heat, but secondary double glazing
isn’t ideal for aesthetics . . . so this is something we know is not helpful
in terms of energy efficiency, but we haven’t changed it.”
The conservation & heritage sub-barrier is particularly challenging, since there
is a natural tension between preserving the heritage value of the built environment
and retrofitting it for energy efficiency [Friedman & Cooke, 2012; Tweed & Suther-
land, 2007]. For example, approximately 17% of all households are in conservation
areas in London [Boardman et al., 2005]; thereby restricting their retrofit options.
In addition, cultural heritage is an important part of societal and community well-
being [Tweed & Sutherland, 2007]. Therefore, if the UK is committed to improving
the energy performance of its built environment, it will need to carefully reconcile
retrofit and heritage policies, while minimising impact to society well-being.
Personal behaviour
This is a complex barrier that conflated behaviour and attitudes, two variables
that are often separated from a psychological perspective but combined in this re-
search as a social norm [Lutzenhiser, 1992; Shove et al., 1998; Stephenson et al.,
2010]. Specifically Stephenson et al. [Stephenson et al., 2010] defines ‘energy
practices’ as activities and processes relating to energy use. Based on the inter-
view transcriptions, this barrier was subdivided into the following areas: a feeling
by interviewees that they have already done everything possible; current lifestyle
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choices; and interviewees who consciously do not want to adopt energy efficiency
measures. Lifestyle in itself included the themes of laziness; lack of time; conve-
nience; and forgetfulness, as well as ideas that highlighted the rebound effect, such
as: keeping up with appearances, and a desire for more gadgets. The following il-
lustrative quotes highlight some of these issues,
“I have the telly on myself . . . especially in the bedroom when I’m
doing the ironing, but I’ve got 4 children and each one has a television,
playstation, and a laptop . . . it’s keeping up with the Jones as they say,
have to keep up with every child. A lot of kids would get bullied if they
haven’t got what they say”; “Haven’t thought about it to be honest with
you, such a busy lifestyle you see.”; “Well one thing I suppose is I can
get rid of my Aga, it’s on 24/7 365 days a year, [but] for me, that is a
luxury.”
This barrier, along with the family/partner/housemate relationship barrier were
both socially rooted and may not be easily overcome with traditional incentives,
such as price subsidies. Instead, incentives should be carefully designed to address
these social concerns. For example, offering home owners a loft-clearance service
was shown to significantly increase the odds of installing loft insulation by over a
factor of 4 [Behavioural Insights Team, 2012]. This result highlights the impor-
tance of addressing non-monetary barriers to retrofitting, in this case, the hassle
factor of loft clearance [Behavioural Insights Team, 2012].
None (no barriers)
This is the non sequitur barrier of none (representing no barriers). It captured
interviewees who felt there were no barriers for them to adopt energy efficiency
measures.
Landlord-tenant/housing associations
This barrier referred to the split-incentive between landlords/housing associations
and their tenants. Specifically referring to the dilemma that landlords do not want
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to invest in energy efficiency measures, since they do not benefit from the corre-
sponding reduced energy bills. Similarly, tenants are unwilling to invest in energy
efficiency measures for homes they do not own.
This barrier was recognised by the UK government and is currently addressed
through the Green Deal scheme. However, it is not yet possible to determine the
long term effectiveness of the policy since it was recently rolled-out in 2013.
Family/partner/housemate
This barrier is often ignored by the pure technical/economic perspective, but was
frequently mentioned in inter-disciplinary scholarship, and represented a signifi-
cant proportion of responses in this study [Darby, 2010; Hargreaves et al., 2010;
Shove et al., 1998]. This barrier included inter-occupant opposition towards en-
ergy efficiency measures, specifically from husbands/wives/partners, as well as ap-
athy from other family members, particularly children. The challenge of reaching
consensus in multi-tenanted homes was also captured within this barrier. Illustra-
tive quotes highlight these issues: with regard to children,
“It doesn’t occur to them [children]. They just don’t think. You encour-
age them to switch off but they forget, there’s far more, many more
important things going on, like what they can eat next, who they are
going to see.”
With regard to partners,
“She [wife] rather have it look good than save on cost” and “I wish my
husband turned off the lights and the television. (Interviewer): Why
doesn’t he? (Interviewee) because he’s a lazy sod.”
These quotes highlighted how poor energy efficiency behaviours are sometimes
blamed on others. Such a shift in responsibility may weaken personal liability and
create a self-reinforcing environment of poor behaviour, as illustrated in this quote,
“when you live in a shared house . . . people can’t really be bothered
to put in any effort, myself included. Obviously when you have your
own place, then you’re much more keen on finding new solutions or
controlling energy waste”.
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This quote is interesting since it highlighted how personal energy habits between
tenants were more important than the price of the wasted energy.
Similar to personal behaviour, this barrier presents a complex challenge that
may not be easily overcome with traditional incentives. How to specifically address
inter-occupant relationships, such as between parents and children, with regard to
energy was outside the scope of this research. However, this result highlights how
simply designing interventions from a purely technical or economic perspective
may be inadequate. Instead an inter-disciplinary approach should be considered.
Beliefs/information
This barrier related to information (or lack of) about energy efficiency measures,
and beliefs that affect the adoption of such measures. Examples cited in the inter-
views: a lack of expertise/knowledge of what to do; unclear or lack of trustworthy
information from government; and mistrust of energy companies or contractors.
This type of barrier was also suggested by Stern [Stern, 2006] and described as a
cognitive norm factor affecting energy use [Lutzenhiser, 1992; Stephenson et al.,
2010]. The following illustrative quotes highlight these perceived issues:
“Knowledge . . . you wouldn’t know that unless you’ve looked into it
and studied it, so need more info.”; “I’m concerned with these people
who cold call me about having loft insulation and pumping the walls
full of junk . . . I want to feel comfortable with the contractor, know
that they will do what they say they will do.”
Institutional
Institutional barriers related to the perception from some interviewees that the
government and/or energy companies were the main barrier towards adopting
energy efficiency measures. Examples cited in the interviews: government incen-
tives are incorrectly targeted; energy companies are unwilling to sincerely promote
energy efficiency; and that consumer choice is being actively hampered by govern-
ment and energy companies. This type of barrier was also suggested by Weber
[Weber, 1997]. An example quote, “Energy companies restricting research, look
at short term profit over long term interests.” On the other hand, evidence shows
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that social housing providers, who manage housing estates, are strongly driven by
government-funded programmes [Swan et al., 2013]. Although this is not unex-
pected since social housing providers are often government owned or run.
Summary of barriers
These identified barriers were consistent with other results from scholarship and
industry. For example, in their framework for pro-environmental behaviours, the
Department for Environment Food and Rural Affairs (DEFRA) identified the follow-
ing common barriers: external constraints (working patterns, demands on time);
habit; scepticism; and dis-empowerment [Defra, 2008]. In addition, the UK Green
Building Council identified the following occupier/landlord relevant barriers: fear
of the ‘hassle’ factor; occupiers with poor knowledge of energy use; no requirement
for homes to meet standard of energy efficiency; and perception that low carbon
homes cost too much [UK-GBC, 2008]. While the identified barriers from the two
previous reports supported the results of this research, they differ in that they were
based solely on secondary literature reviews or workshop transcripts, rather than
primary individual interview data.
From an academic perspective, Dowson et al. [2012] cite the barriers of meet-
ing building regulations, increased use of heating following refurbishment (‘take-
back’), and an historic shift of thermal comfort expectations (i.e., warmer homes).
Again, the identified barriers are from a secondary source review. Professionally,
Lowery et al. [2012] describe the barriers encountered while delivering a social
housing retrofit project by a registered social landlord in Sunderland, North East
of England. During the project, the team encountered the following barriers: com-
munication between partners; procurement and supply chain training; internal ex-
pertise; energy consumption monitoring; and type of retrofit technology to install
[Lowery et al., 2012]. This professional perspective highlights how retrofitting
the built environment is not simply about overcoming household level barriers,
but rather also addressing the barriers encountered by installers and other retrofit
professionals.
Complementary to barriers are the motivations to install retrofit measures, and
adopt energy efficiency behaviours. By investigating both barriers and motivations,
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the aim was to create a more balanced set of recommendations to help overcome
the Energy Efficiency Gap.
4.1.2 Motivations to retrofit
Similar to barriers, eight motivations were identified; however three motivations
were the most often cited, accounting for 88% of total responses. They were the
same three broad categories as identified by Caird et al. [Caird et al., 2008]: save
money; save the environment; save resources (energy) [Pelenur & Cruickshank,
2013a].
Save money
Saving money was the most commonly mentioned motivation for installing energy
efficiency measures in the home. While the idea of simply saving money and in-
creasing disposable income were mentioned, this theme also included the more
nuanced ideas of avoiding the outright need to pay for energy, and the perceived
view that fuel prices are too high. Two illustrative quotes highlight this point,
Interviewer: “What was the motivation [for installing energy efficiency
measures]?” Respondent: “Well we’ve only got one world is the pri-
mary one, and secondary is knowing how much we’re getting ripped
off for everything.” The second quote, Interviewer: “Why do you [want
to install energy efficiency measures]?” Respondent: “Because once
you have it you don’t need to pay for fuel . . . .”
Environmental/emissions
Environmental and green issues were the second most mentioned motivation. This
theme covered a broad range of ideas such as: minimising harm to the local ecosys-
tem; avoiding fossil fuel and nuclear energy due to environmental concerns; and
reducing carbon emissions (by using less energy) to address climate change. The
following illustrative quotes highlight these ideas:
“Trying to do our bit to save the planet . . . ”; “Because we’re quite into
green issues.”; “For long term environmental reasons. Anything that’s
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more natural than the alternatives which include nuclear.”; and “I’m
concerned about the effects [of energy use] on the atmosphere.”
Resource efficiency
Resource efficiency was a nuanced theme identified by probing respondents who
stated that ‘saving energy’ was their motivation to install energy efficiency mea-
sures. Specifically this theme covers the following ideas: conserving energy out
of a general principle of reducing waste; being more self-sufficient with resources;
increasing national energy security; and being conscious about future resource
needs. The temporal nature of this theme (protecting the future) was also shared
by the environmental theme; however the responses here specifically only focused
on ensuring future resource abundance as opposed to protecting the environment
for future generations. Some illustrative quotes:
“Well just as a general principle, we use too much of certain things.”;
“Just basically being conscious about the future . . . you see these com-
panies and the amount of money they’re investing in R&D which just
shows you how important it is to not neglect the fact we will have
to change in the future.”; “Because there’s a shortage of gas, and we
don’t have gas always in this country.” and “I’d rather use less energy
because there’s not a lot of it being generated in a renewable way.”
None (no personal motivation)
This non-motivation specifically included respondents who did not want change
their household energy use because they either: had no motivation (apathy); were
content with the status quo; or because they were not responsible for energy in
their home. Illustrative examples of these ideas:
“I don’t see there’s much I can do about it [household energy use]
anyway.”; “My husband did it [install energy efficiency measures], I
didn’t have anything to do with it.”; and “I leave [energy efficiency] up
to my husband.”
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It’s interesting to note how this theme touched on the feelings of helplessness,
apathy, and shifting personal responsibility. While this study identified existing
motivations, this theme highlighted how some households may require further in-
formation about energy efficiency measures, in order to spark an initial motivation
to change.
These motivations, apart from the non-motivation of apathy, related to the
saving of measurable physical items (save money, save the environment, save re-
sources); however, the interview transcripts also highlighted other non-physical
drivers to improve energy efficiency. The following motivations supported the
hypothesis that it is often non-energy benefits that drive the adoption of energy
efficiency measures [Mills & Rosenfeld, 1996].
Warmth and comfort
This motivation centred around the idea of installing energy efficiency measures
in order to improve home comfort and heating. Particularly relevant given that
this aim does not necessarily align with the government energy demand reduction
targets. The following two quotes illustrate this point:
“Better insulation on the walls means I can keep the heating on for a
long time.”, and“If I want to turn the heating up, I’m not going to sit
there and put on a jumper. They say instead of turning the heating up
put on a jumper - no way! I like to be comfortable.”
This motivation highlighted how even though personal comfort can drive the adop-
tion of energy efficiency measures, the end result may not lead to a reduction in
energy use (i.e. the “Rebound Effect” [Madlener & Alcott, 2009]).
Aesthetics and space
While most energy efficiency measures are often invisible to the household (ex-
amples: loft insulation, cavity wall insulation, central heating), some energy ef-
ficiency measures are adopted for their aesthetic value, as well as their practical
value. This motivation captured this idea, as well as the idea that saving space can
drive households to adopt smaller energy efficiency solutions. Illustrative quotes,
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Interviewer: “Why did you get . . . double glazing and wall insula-
tion?” Respondent: “To keep [house] warm and looks good. That’s it
basically.” Interviewer: “What are the reasons that you want to change
the boiler and explore [solar thermal]?” Respondent: “. . . Trying to
utilise some space, because the old fashion [boiler] uses a lot of space,
so I have to have this big tank in the ironing cupboard, [which] is bad.”
Health and safety
Relating more to energy efficiency behaviours as opposed to retrofit technolo-
gies, health and safety was a reason a few households gave when asked why they
changed their household energy use. The following quote illustrates this idea,
Interviewer: “Why try to keep [energy use] to a minimum? What mo-
tivates you?” Respondent: “Well, especially with televisions on, stuff
that comes off the TV, waves that rattle your brain don’t they, too much
[adverse health affects] going on. . . . We have flat screen TVs in all
the rooms, [because we] want to reduce the transmission of the waves
that come off the TV . . . because they get hot . . . [and] some can give
you headaches.”
Another idea captured by this motivation is with respect to energy supply safety,
specifically to reduce our energy consumption and reliance on nuclear, not for
resource efficiency or the environment, but because of safety. An example quote,
“look what’s happened in Japan . . . there’s a nuclear power plant about
100 miles from here, it could just easily happen there too, it’s on a fault
line [also].”
Time and convenience
This final motivation related to households who felt that being energy efficient
can help them save time or increase convenience, for example by reducing the
time needed to do house chores or heat water. When asked what motivates one
household to save energy, one respondent said, “It’s time consumption, with the
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combination boiler you switch the tap on and it’s hot water rather than waiting 30
min for the water to heat.”
Summary of motivations
While the majority of motivations fell into one of the three main themes, save
money, save the environment, or save resources (energy) [Caird et al., 2008];
there were other non-conventional motivations identified, such as saving time
and aesthetics/space. This result was consistent with Mills & Rosenfeld [1996]
who found that it was often non-energy benefits that motivated households to be
energy efficient, such as improved comfort, reduced noise, labour and time sav-
ings, and increased convenience. Similarly, another study found that the perceived
amount of disruption; the presence and awareness of any accreditation regime;
and whether the retrofit measure had been recommended to the household were
important drivers for the adoption of retrofit technologies [Oxera, 2006].
Taken together, the barrier and motivation results from this research underscore
the need for policy makers, engineers and retrofit professionals to move beyond
simple economic based incentives or initiatives. Instead, a more holistic approach
should be adopted to overcome barriers, utilise motivations, and increase the ef-
fectiveness of future policies and retrofit programmes.
4.1.3 Demographics with barriers/motivations
As well as identifying household retrofit barriers and motivations, it was also in-
formative to investigate which demographics were associated with each barrier or
motivation. All the barriers were used for the statistical analysis; however the fol-
lowing motivations were grouped together as ‘Other’ in order to meet the criteria
that no more than 20% of the expected counts in the contingency tables between
demographics and motivations should be less than 5, and all individual counts are
1 or greater [Yates et al., 1999, p. 734]. The motivations grouped into ‘Other’
were: none; warmth and comfort; aesthetics and space; health and safety; and
time and convenience. The tests of association were done with the modified first-
order corrected Rao-Scott chi-square test statistic for single by multiple response
data, X 2SM(AL).
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Based on the null hypothesis for two-tail marginal independence with α= 0.05
and the test statistic of X 2SM(AL), the following demographic variables shaded in
Table 4.2 were found to be significantly associated with specific barriers and moti-
vations.
Table 4.2: Highlighted demographic variables significantly correlated with barriers
and motivations (p < 0.05)
Motivations Barriers
Demographic variables X2SM(AL) df p value X
2
SM(AL) df p value
[D1] Sex 3.67 4 0.452 20.71 8 0.008
[D2] Age 16.78 12 0.158 29.38 24 0.206
[D3] Household income 26.32 8 0.001 17.14 16 0.377
[D4] Marital status 16.49 4 0.002 15.51 8 0.050
[D5] Education level 5.86 4 0.210 20.57 8 0.008
[D6] Type of dwelling 18.90 8 0.015 29.21 16 0.018
[D7] Number of bedrooms in household 11.16 8 0.193 25.40 16 0.063
[D8] Number of occupants in household 7.59 4 0.108 19.64 8 0.012
[D9] Residence (own, rent, live with
family/friends)
6.57 4 0.160 66.89 8 0.000
[D10] Location (Manchester/Cardiﬀ) 3.21 4 0.524 37.92 8 0.000
Table 4.2 underscores how most of the demographic variables were associated
with either barriers or motivations, with the exception of occupant age and num-
ber of bedrooms in the household. Other studies found that age and house size
(number of bedrooms as a proxy) were factors typically associated with energy
consumption [Abrahamse & Steg, 2009; Guerin et al., 2000; Lenzen et al., 2006].
However, the results from this study imply that even though those variables were
associated with energy consumption, they were not associated with any barrier or
motivation for retrofitting.
All the individual relationships between the demographic variables and the spe-
cific barriers/motivations are presented in the Discussion (Section 5.1).
4.1.4 Relationship between barriers and motivations
Using the X 2M M(AL) test statistic for multiple-by-multiple response data, it was also
possible to investigate the relationship between barriers and motivations, i.e. were
any specific barriers or motivations associated with each other? The data was con-
sidered multiple-by-multiple response since interviewees were able to list multiple
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barriers or motivations to retrofitting their household. While this type of data ob-
fuscated the statistical analysis slightly, the results may be more relevant since in
practice households likely face multiple retrofit barriers or motivations.
Based on the null hypothesis for two-tail marginal independence with α= 0.05
and the test statistic of X 2M M(AL), specific motivations were found to be signif-
icantly associated with barriers (X 2M M(AL) = 106.3, d f = 32, p < 0.001). It is
informative to examine the strength of such associations using the odds-ratio (Φ);
where an odds-ratio of greater than 2 was considered a strong association [Thomas
& Decady, 2004]. For clarity, the odds-ratio results and contingency table pro-
portions are visually shown with a shaded mosaic plot. Mosaic plots essentially
visualise the data as “tiles” representing the cells of the table, such that the area
of each tile is proportional to the cell frequency. Specifically, the vertical height
of each row represents the barrier frequency proportion and the horizontal width
of each column represents the motivation frequency proportion [Friendly, 1994].
The “tiles” in all the mosaic plots are also shaded for significant odds ratio results.
Specifically, heavily shaded tiles represent an odds ratio of greater than 2, while
lightly shaded tiles represents an odds ratio between 1.5 and 2. As such, the mosaic
plot in Figure 4.3 shows the following associations:
• Motivation [M1] Save money was strongly associated with barriers: [B3]
Family/partner/housemate; [B5] Landlord-tenant/housing associations; and
[B8] Property itself.
• Motivation [M2] Environmental/emissions was strongly associated with bar-
riers [B1] Beliefs/information; [B2] Costs; [B4] Institutional; and [B5] Landlord-
tenant/housing associations.
• Motivation [M3] Resource efficiency was strongly associated with barriers
[B1] Beliefs/information; [B2] Costs; and [B5] Landlord-tenant/housing as-
sociations.
• Combined motivation of [M4-8] Other was strongly associated with barrier
[B2] Costs.
These associations highlighted the relationships between barriers and motiva-
tions to adopting domestic retrofit technologies. Considered together, they enabled
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Figure 4.3: Mosaic plot for retrofit motivations versus barriers
a more thorough discussion of how certain motivations can be used to tailor spe-
cific incentives to help overcome the barriers to retrofitting.
4.1.5 Summary of barriers and motivations
In summary, a wide variety of barriers and motivations were identified to retrofitting
the domestic built environment. They ranged from the standard economic pre-
dicted theme of saving money, to the more social themed barrier of family/partner
opposition, and motivation to increase convenience and save time.
As well as investigating the relationship between the barriers and motivations
themselves, the association with demographics was also analysed. The results re-
vealed multiple associations that when considered together, help inform the dis-
cussion and recommendations.
Overall, the barrier and motivation results highlight the need for retrofit pro-
grammes and policies to adopt a more inclusive design. An approach that considers
economic, engineering, and social themes together. Further to the stated barriers
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and motivations, this research also investigated the subjective viewpoints that in-
dividuals hold towards energy consumption in their home. By considering both the
external retrofit barriers/motivations and internal viewpoints held towards energy
consumption, the aim was to recommend holistic solutions that help overcome the
Energy Efficiency Gap.
4.2 Household viewpoints towards energy
This phase of the research investigated household viewpoints towards energy con-
sumption. The drive to do so was based partly on the principle of stakeholder
engagement. If reducing domestic energy demand is the goal, and households are
viewed as the primary stakeholders, then their viewpoints and attitudes should be
considered as important elements in the design of retrofit policy and interventions.
Without considering the needs or attitudes of stakeholder groups, there is a risk
that the retrofit intervention may have unintended consequences, such as over-
heating or inter-occupant conflict [Burgess & Nye, 2008]. Hence, to better un-
derstand household viewpoints towards energy use in a large UK city context, an
explorative Q-study was conducted that identified viewpoints naturistically from
households themselves, instead of being guided by a priori theory. The results
allow for better tailored policy and interventions.
4.2.1 Q-study results
A total of 45 Q-sorts were completed in Cardiff and 46 in Manchester. Table 4.3
shows the summary demographics for the participants in each city, as well as the
percentages and averages for each city where available (percentages do not always
sum to 100 due to rounding).
The sample demographics between Manchester and Cardiff were broadly simi-
lar, but there were some expected deviations between the sample and city averages.
Most notably, there were many more married/common law Q sort participants than
the city averages. This was expected given that partners were often recruited for
the Q Study in tandem, in line with the goal of investigating how inter-household
dynamics affect attitudes towards energy use. The other notable difference was
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Table 4.3: Q Study demographics
Demographic Cardiﬀ Manchester Cardiﬀ Manchester
variables sample sample city city
Sex
Female 60% 52% 51% 50%
Male 40% 48% 49% 50%
Age
Under 30 7% 7% 45% 50%
30 - 45 33% 39% 20% 22%
45 - 60 36% 39% 17% 14%
Greater than 60 24% 15% 18% 13%
Marital Status
Single/widowed 33% 35% 61% 70%
Married/common law 67% 65% 39% 30%
Type of dwelling
Flat/apartment 11% 11% 27% 35%
Terrace (end or mid) 36% 48% 30% 30%
Semi/detached house 53% 41% 42% 35%
Tenure
Own 76% 65% 59% 38%
Rent/live with family/friends 24% 35% 41% 62%
Number of bedrooms
1 - 2 13% 28% (average) (average)
3 - 4 82% 67% 2.8 2.5
Greater than 4 4% 4%
Number of occupants
1 - 2 58% 46% (average) (average)
3 - 4 33% 50% 2.3 2.3
Greater than 4 9% 4%
Education level
Degree or more 67% 67%
High school/trade 33% 33%
Income
¿20k or less 29% 24%
¿20k - ¿40k 20% 26%
¿40k - ¿60k 13% 17%
Greater than ¿60k 22% 26%
Refused 16% 7%
Source for city data: [Office for National Statistics, 2011a]
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that not many participants under 30 were recruited, and due to the difficulty of re-
cruiting in purpose built flats, there were more owner occupied non-flat residents
recruited. Nevertheless, Q Study sample still captured households from all the key
demographics, and was representative of the areas selected.
The Q-sorts for each city were analysed using PQ Method, a software package
used to facilitate the analysis of Q-studies [Schmolck, 2012]. The resulting fac-
tors that emerged in each city were interpreted into viewpoints and compared for
similarities/differences. For Cardiff, the factor extraction was done using centroid
factor analysis (CFA), which is commonly used by Q practitioners because of the
“permissiveness it allows in relation to data exploration” [Watts & Stenner, 2012].
Objectively, there was one dominant factor that emerged from Cardiff; however,
in Q Methodology statistical criteria alone may not yield a factor that is impor-
tant contextually or theoretically [Brown, 1980, pp. 40 - 43]. Therefore, based
on the examination of the data, interview transcripts, and experiences in the field,
judgement rotation was used to identify other important factors while also pre-
serving the dominant first factor. In total, the dominant factor, a specificity of it,
and a secondary factor were identified in Cardiff. A specificity is defined as a factor
where respondents that load significantly on it also agree with the main dominant
factor [Brown, 1980]. In this way, specificities allow the researcher to examine a
dominant theme from multiple sub-perspectives. The Cardiff specificity was also
bi-polar, meaning that it was defined by both positively and negatively loading Q-
sorts [Watts & Stenner, 2012]. Hence for analysis, the single bi-polar factor was
separated into two unique factors to represent each of the poles, as per Brown
[1980] and Watts & Stenner [2012]. In order to identify statistically significant
Q-sorts for each factor at p < 0.05, the Q-sort loading value had to be greater than
|0.243| [Brown, 1980, pp. 223]. A higher significance level of 0.4 was used for
the secondary factor in order to avoid conflating Q-sorts (Q-sorts that load onto
more than one factor), while a significance level of 0.25 was used for the bi-polar
specificity. The final result was four factors identified in Cardiff: a dominant fac-
tor; a positive specificity; a negative specificity; and a secondary factor [Pelenur &
Cruickshank, 2013c].
As well as the four common Cardiff factors identified through CFA, a single
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participant (C13) was also visually identified as being of interest because their Q-
sort was diametrically different from the others in the sample. Q-Methodology is
admirably suited to the analysis of interesting single cases [Brown, 1980], which
are generally viewed as advancing knowledge about the process by which wider
subjective worlds are constructed and experienced [McKeown & Thomas, 1988].
As such, the single Q-sort from participant C13 was analysed qualitatively and used
to inform the discussion of the Cardiff results.
For Manchester, the data was less homogeneous and therefore simpler to iso-
late and separate factors. For comparison, the Manchester analysis was initially
conducted using CFA/judgement rotation as well as a Principal Component Anal-
ysis (PCA)/varimax rotation. The PCA factor extraction method is a more mathe-
matically precise solution but offers less flexibility with data exploration [Watts &
Stenner, 2012]. Both approaches yielded two clear factors, but the PCA solution
with varimax rotation was selected because the factors were easier to isolate. In
total, two factors were identified with a raised Q-sort significance level of 0.37 to
reduce the instances of conflating sorts [Pelenur & Cruickshank, 2013c]. The ro-
tated factor loadings for each factor with flagged Q-sorts are shown in Appendix
C.
Following a Q Methodology narrative style [Watts & Stenner, 2012], the fol-
lowing narratives describe each of the factors for Cardiff and Manchester and were
constructed through the interpretation of the factor arrays and post-sort interview
comments. Q Statements used in the narratives are followed by their number and
factor score in parenthesis. For readability, the phrasing of some statements were
switched from positive to negative or vice-versa signified by square brackets in the
statement.
4.2.2 Cardiff Factor 1: I think about being energy efficient
for the environment and greater good
26 participants’ Q-sorts exemplified this factor, making this the dominant factor in
the Cardiff study that accounted for 40% of the variance. The main theme of this
factor was the link between energy use and the environment, as well as a concern
about its long-term impacts on society. As such, being energy efficient was viewed
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as normal and necessary to protect the environment.
Narrative ‘I’m concerned about the effect of energy use on the atmo-
sphere’ (21: +6) and can’t understand how some people ‘don’t believe
in climate change’ (42: -6). Therefore because ‘protecting the environ-
ment is important to me’ (27: +6), I strongly believe ‘it’s our respon-
sibility to look after the next generation’s future’ (49: +5), which is
why ‘parents should ensure that their kids are taught how to be energy
efficient at home’ (9: +3). From a wider perspective, ‘I’d like there
to be more environmentally friendly sources of energy’ (13: +5) since
‘we are too dependent on fossil fuels’ (16: +4), but ‘the government is
not doing enough about improving energy use’ (24: +5).
To do my bit at home, ‘I rather use multiple blankets or put on more
layers than turn up the heating’ (6: +1) but ‘I believe the ever increas-
ing number of gadgets is a problem for energy efficiency’ (54: +3).
However, even though gadgets in the home are a problem for people in
general, ‘modern technology, such as plasma screens, are [not] more
important to me than being energy efficient’ (59: -5). Definitely ‘the
appearance of my home is [not] more important than being energy
efficient’ (17: -5) nor is ‘trying to keep up with the neighbours . . . ’
(19: -6)’. All in all, ‘being energy efficient is [not] a disruption to my
lifestyle’ (52:-5), it’s about the environment and the greater good.
Summary of Cardiff Factor 1
This factor highlighted the viewpoint that conserving household energy should be
driven by broader issues, such as protecting the environment or climate change,
with an emphasis on safeguarding the next generation’s future. Similarly, energy
efficiency was not viewed as an inconvenience but simply as a normal and impor-
tant part of life, without the need to consider social norms (i.e. keeping up with the
neighbours). As such, this factor draws heavily from statements within the ‘Envi-
ronment and the future’ theme. Mostly missing from the extreme ends of the factor
array are statements regarding economics, finance, and inefficient behaviours.
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4.2.3 Cardiff Factor 2: I want to be more energy efficient to
save money, but I don’t really know how
5 participants’ Q-sorts strongly exemplified this factor, that accounted for 10% of
the variance. Conserving energy to save money was the main theme, but this factor
also highlighted a lack of knowledge about energy efficiency and measuring energy
use in general.
Narrative Even though ‘I can afford my energy bills, [I’m still moti-
vated to] conserve energy’ (60: -6) because ‘I’m [not] happy with my
energy costs’ (50: -6), which is why I really ‘try and reduce my energy
use to save money’ (23: +6). As such, ‘I would like my household en-
ergy use to be more cost effective’ (44: +6), but while ‘I [really] think
about my household energy use’ (28: -5) and ‘try and conserve energy,
sometimes it’s difficult to get other people to do the same’ (36: +3). ‘I
think other people should be more aware about their energy use’ (43:
+4), but I believe that ‘families waste energy because of convenience’
(40: +5) and that ‘woman use most of the energy at home’ (11: +3).
Unfortunately, while I try and conserve energy to save money, ‘I don’t
know if my energy use is above average or below average’ (58: +5),
nor do I ‘know how much heating I use’ (8: +3). It really doesn’t help
that ‘the energy and utility tariffs are complicated to understand’ (2:
+4). Personally, ‘modern technology, such as plasma screens, are [not]
more important to me than being energy efficient’ (59: -5), but I would
rather heat the whole home instead of just one room (31: -5). I want
to conserve energy to save money, but I don’t really know how.
Summary of Cardiff Factor 2
This factor highlighted a clear desire to conserve energy to save money, without
mention of other possible motivations. However, even though saving costs was a
priority, households exemplified by this viewpoint did not particularly understand
their energy use, let alone how to start being more energy efficient. Therefore,
education and information campaigns that promote saving energy to save money
100
4. Results
with specific practical examples, may be very effective at spurring energy efficiency
in these households.
4.2.4 Cardiff Factor 3 (specificity of Factor 1): I’m consciously
and actively energy efficient because it’s plain com-
mon sense
3 participants’ Q-sorts exemplified this factor, which was the positive bi-polar speci-
ficity of Factor 1 accounting for 4% of the variance. The main theme was about
conserving energy for the sake of reducing waste, and personal responsibility. This
viewpoint embodies direct action to being energy efficient, for the environment,
but also out of general principle.
Narrative ‘I try and conserve energy out of general principle’ (39: +5),
for example ‘I turn off lighting when not in the room’ (51: +6), I ‘heat
one room rather than the whole home’ (31: +4), and ’I make a con-
scious effort to turn things off at the socket’ (48: +5). Basically, ‘I was
raised to not waste energy’ (30, +3). However, ‘I try and conserve en-
ergy, but sometimes it’s difficult to get other people to do the same’
(36: +3). That’s why I think ‘schools should be teaching more about
energy efficiency to kids’ (57: +5) and that ‘parents should ensure that
their kids are taught how to be energy efficient at home’ (9: +3); in
general,‘not enough communication is being done within households
about energy issues’ (41: +4).
I take an active approach to being energy efficient, ‘I [always] turn off
the lights or TV’ (3: -5), ‘I [know] how to control my heating efficiently’
(12: -6), and ‘I [don’t] forget to turn the heating off’ (46: -6). We can
all be doing a bit more though, for example ‘I think solar panels should
be built into all new properties’ (29: +6) and that ’energy efficient
bulbs [are] good’ (55: -5); ‘trying to keep up with the neighbours is
[not] more important than being energy efficient’ (19: -6). I take an
active and conscious approach to being energy efficient, because what’s
the point of waste?
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Summary Cardiff Factor 3
While this factor was a specificity of factor 1 (I think about being energy efficient
for the environment and the greater good), it clearly highlighted the view that en-
ergy conservation isn’t just about the environment, but also about avoiding waste
on general principles. This factor also takes personal responsibility for conserving
energy, listing specific examples of energy efficient behaviours, instead of using
broad statements about the general welfare or supply of electricity.
4.2.5 Cardiff Factor 4 (specificity of Factor 1): I don’t really
think about energy efficient behaviours, but I want my
energy supply to be renewable and greener
5 participants’ Q-sorts exemplified this factor, which was also the negative bi-polar
specificity of Factor 1 accounting for 4% of the variance. Unlike factor 3 that fo-
cused on direct action and personal responsibility, the main theme in this viewpoint
was more focused on passive action and indirect responsibility. This viewpoint
identified with protecting the environment, but shifted the responsibility of being
energy efficient from the household to the energy suppliers.
Narrative ‘Protecting the environment is important to me’ (27: +5),
which is why ‘I’d like there to be more environmentally friendly sources
of energy’ (13: +5). Specifically, I believe ‘we’re not using sunlight or
wind effectively as a nation’ (25: +6), and that ‘solar panels should be
built into all new properties’ (29: +6). Ideally I ‘want my energy use to
be greener’ (12: +5) and that ‘as a society, we should be self sufficient
with our energy’ (53: +4).
However, ‘I [don’t always] make a conscious effort to turn things off at
the socket’ (48: -3) or ‘use as little energy as possible’ (5: -2). But defi-
nitely ‘the appearance of my home is [not] more important than being
energy efficient’ (17: -5) nor is ‘trying to keep up with the neighbours
. . . ’ (19: -6). I also think that ‘modern technology, such as plasma
screens, are [not] more important to me than being energy efficient’
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(59: -5). Even though ‘I can afford my energy bills, [I still care] about
conserving energy’ (60: -6). I may not always think about conserving
energy, but for the sake the environment, I wish my energy supply was
renewable and green.
Summary Cardiff Factor 4
This factor was the bi-polar viewpoint of factor 3; therefore, instead of espousing
personal responsibility for energy conservation, this viewpoint shifted the respon-
sibility to the energy suppliers. Protecting the environment and being green was
important to this viewpoint, but such beliefs did not always reflect in personal ac-
tions at home. As such, even though these households cared about the effects of
energy use on the environment, it may not be enough motivation for them to be
energy efficient.
4.2.6 Cardiff Single Case Q-Sort C13:
Participant 13’s Q-Sort did not significantly load on any one factor, but was so
substantially different from the sample that it warranted a more detailed analysis.
This single case exemplified a diametrically different viewpoint compared to the
other perspectives; one that did not prioritise energy efficiency, saving money, or
environmental issues. Instead, this viewpoint identified a more casual perspective
towards energy use in the home; not completely apathetic nor interested.
Narrative When it comes to energy use in my home, I don’t really care.
I especially don’t want ‘. . . more information about my household’s
energy use’ (38: -6). To be fair, as a man it’s not my problem since
‘woman use most of the energy at home’ (11: +5), although ‘families
waste energy because of convenience’ (40: +3). Regardless, I think
‘[too much] communication [is] being done within households about
energy issues’ (41: -5). If anything, ‘schools should be teaching more
about energy efficiency to kids’ (57: +3), not me.
While I strongly agree that ‘it’s our responsibility to look after the next
generation’s future’ (59: +6), ‘it’s a balance between what you pay for
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energy and what it costs you to improve energy efficiency’ (37: +5).
For example, I admit that ‘trying to keep up with the neighbours is more
important than being energy efficient’ (19: +3) and that ‘modern tech-
nology, such as plasma screens are more important to me than being
energy efficient’ (59: +6). Even though I agree that ‘the ever increas-
ing number of gadgets is a problem for energy efficiency’ (55: +4). I
guess I just don’t agree with the importance of conserving energy.
For me, ‘being energy efficient is about saving time’ (47: +4), which is
why ‘it’s better to heat one room rather than the whole home’ (31: +5).
Although, ‘my house is [not] very hard to heat’ (64: -4), which means
that ‘I [do not really] want to reduce my heating’ (10: -3), nor do I
care about ‘. . . my household energy use [being] more cost effective’
(44: -3)
When it comes to the environment, ‘I don’t [particularly] believe in
climate change’ (42: +3) and ‘protecting the environment is [not that]
important to me’ (27: -2). I don’t really think ‘we are too dependent
on fossil fuels’ (6: -2) and I especially would not ‘. . . like there to be
more environmentally friendly sources of energy’ (13: -4), for example
‘I [don’t] think solar panels should be built into all new properties’ (29:
-4). We should just leave homes as they are, I don’t want to see ‘old
homes . . . improved to modern building standards’ (7:-6). As a society,
we’re making a big deal about nothing important.
Summary Single Case Q-Sort C13
This Q-Sort represented a detached viewpoint about energy use in the home. Ex-
amining the post-sort interview revealed that participant C13 did not pay any of the
bills, instead his wife managed all the household finances. As a result, the partic-
ipant admitted that not paying the bills made him complacent towards household
energy use. In the interview he said that household energy use “doesn’t impact
anybody else’s life” and that “if people want to waste [energy], they can because
they pay for it.” Understanding this context helps explain the perspective exempli-
fied by the viewpoint. As a unique single case, this participant was worth analysing
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further for the discussion, but with only one defining Q-Sort, this viewpoint was
not quantitatively compared to the other factors.
4.2.7 Cardiff correlations between factor scores
Even though the emergent factor arrays represented viewpoints as a whole, they
were created by analysing a composite of all the individual participant Q-sorts. As
such, since every participant Q-sort loads somewhat on each factor, the resulting
arrays will always intercorrelate to some extent [Watts & Stenner, 2012]. The
size of the correlations determines to what significance the factors are related. If
the correlations are high, it may mean that they are manifestations of a single
viewpoint [Watts & Stenner, 2012]. Table 4.4 shows the correlations between
Cardiff factor scores.
Table 4.4: Correlations between Cardiff factor scores
Correlations between Cardiﬀ factor scores
1 2 3 4
1 1.0000 0.4800 0.7112 0.8343
2 0.4800 1.0000 0.4374 0.5719
3 0.7112 0.4374 1.0000 0.4830
4 0.8343 0.5719 0.4830 1.0000
Because Factors 3 and 4 were specificities of Factor 1, it was consistent to ob-
serve significantly high correlations between them. These high correlations do
not invalidate the interpretation of the viewpoints, rather it reinforces the need to
consider them as alternative manifestations of the dominant viewpoint [Watts &
Stenner, 2012]. The correlation between Factor 1 and 2 was also high; however, a
qualitative interrogation of the factor arrays confirmed that they were holistically
different from each other and could be interpreted individually.
The Q-sorts can also be diagrammatically mapped onto a two axis plot for visual
inspections. In Figure 4.4 the vertical axis represents Factor 1, while the horizontal
axis represents Factor 2 (the non specificity Factor). The distance from the null
origin represents the size of the factor loading for each Q-sort.
Figure 4.4 highlights the mix of Q-sorts on both Factor 1 and Factor 2, but
more importantly the visual inspection allowed the diametrically different single
case viewpoint (C13) to be clearly identified.
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Figure 4.4: Cardiff Factor 1 versus Factor 2
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4.2.8 Manchester Factor 1: I think about being energy ef-
ficient and the environment is important to me, but I
reduce energy to save money
25 participants’ Q-sorts exemplified this factor accounting for 33% of the variance.
There were two main themes in this factor, conserving energy to save money and
protecting the environment.
Narrative ‘It’s our responsibility to look after the next generation’s fu-
ture’ (49: +6) and ‘protecting the environment is important to me’ (27:
+6), but ‘I try and reduce my energy use to save money’ (23: +5) as
opposed to just the environment. If ‘I [do] think about my household
energy use’ (28: -5) it’s because ‘I would like my household energy use
to more cost effective’ (44: +5), which is why ‘I turn off lighting when
not in the room’ (51: +4), ‘[don’t] leave lights on for appearances’ (33:
-4), and ‘I’m [not] too lazy to always turn off the lights or TV’ (3: -5).
Aside from just saving money, ‘I use as little energy as possible’ (5: +3)
because ‘I was raised to not waste energy’ (30: +3), I basically ‘try and
conserve energy out of general principle’ (39: +5).
Of course, ‘I [do] believe in Climate Change’ (42: -6) and ‘I’m con-
cerned about the effect of energy use on the atmosphere’ (21: +4),
so as well as taking personal responsibility, ‘I’d like there to be more
environmentally friendly sources of energy’ (13: +4) and ‘think solar
panels should be built into all new properties’ (29: +4). Especially,
since ‘the appearance of my home is [not] more important than being
energy efficient’ (17: -5), nor is ‘trying to keep up with the neighbours
more important than being energy efficient’ (19: -6). ‘Being energy
efficient is [not] a disruption to my lifestyle’ (52: -4) and the environ-
ment is important to me, but I reduce energy to save money.
Summary Manchester Factor 1
This factor presented a balanced viewpoint that considered reducing energy use
for both the environment and saving money. As such, this viewpoint included
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multiple energy efficiency themes in a single factor, highlighting the complexity of
understanding energy use at home and ultimately the Energy Efficiency Gap. This
viewpoint was similar to a combination of Factors 1 and 2 from Cardiff, which were
both uni-themed.
4.2.9 Manchester Factor 2: I don’t really know how much
energy I use, nor do I really care. I’m too lazy to change
my lifestyle
5 participants’ Q-sorts exemplified this factor accounting for 14% of the variance.
The main theme was an honest admission that energy use in the home was not an
significant issue. More specifically, that lifestyle and comfort were more important
than trying to conserve energy either to save money or the environment. This is
a particularly interesting factor since households with this viewpoint may not be
motivated to conserve energy through traditional financial or altruistic incentives.
Instead, households with this viewpoint may need to see a personal gain in comfort
or lifestyle before adopting energy efficiency measures.
Narrative Energy use at home is just not that important to me. ‘I don’t
know how much heating I use’ (8: +5) and I’m not ashamed to say
that ‘I’m too lazy to always turn off off the lights or TV’ (3: +6). Fun-
damentally, ‘being comfortable is more important than saving energy’
(56: +4), that’s why ‘I [leave] lights on when not in the room’ (51: -5),
‘[don’t] make a conscious effort to turn things off at the socket’ (48: -
6), and ‘sometimes forget to turn my heating off’ (46: +4). Although I
do agree that ‘it’s better to heat one room rather than the whole home’
(31: +5).
From a broad perspective, ‘I [do] believe in climate change’ (42: -6)
and I do think that ‘we are too dependent on fossil fuels’ (16: +6)
since ‘we’re not using sunlight or wind effectively as a nation’ (25:
+5) but I don’t let it affect my lifestyle. ‘I [don’t] use as little energy
as possible’ (5: -4) and ‘when I buy and appliance, I [don’t] check
the energy ratings’ (18: -5), I just buy what I want. I’m not really
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that fussed about thinking about my energy use, but I do agree that
‘the energy and utility tariffs are complicated to understand’ (2: +2),
although I feel strongly that ‘people should [not] pay the same per-
unit-cost of energy regardless of how much they use’ (20: -5). I don’t
really know how much energy I use, nor do I really care. I’m too lazy
to change my lifestyle.
Summary Manchester Factor 2
This factor was a candid insight into households that admit to using as much energy
as they like. Comfort and lifestyle were the primary concerns of this viewpoint, de-
spite still considering the environment and wider issues. Traditional financial in-
centives may not be effective on these households, if the energy efficiency measure
is perceived to cause a disruption to their lifestyle. While the themes in Manchester
Factor 2 were not revealed in the general factors identified in Cardiff, there was
some similarity with the Cardiff single case viewpoint.
4.2.10 Manchester correlations between factor scores
The two factors that were identified for Manchester are independent of one another
as demonstrated with the low correlation value in Table 4.4.
Table 4.5: Correlations between Manchester factor scores
Correlations between Manchester factor scores
1 2
1 1.0000 0.1785
2 0.1785 1.0000
Although they were statistically independent, Manchester Factor 1 still repre-
sented a conflation of multiple themes within itself, such as conserving energy to
save money and the environment. In this case for Manchester, there was no mean-
ingful factor rotation solution that was able to separate those themes.
As per Cardiff, the Q-sorts can also be diagrammatically mapped onto a two
axis plot for visual inspections. The Q-sorts for Factors 1 and 2 are mapped in
Figure 4.5.
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Figure 4.5: Manchester Factor 1 versus Factor 2
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Figure 4.5 highlights a cluster of Q-sorts exemplifying Factor 1 and a handful
of Q-sorts clearly exemplifying Factor 2 (21, 30, 12, 10, 26).
4.2.11 Summary of household viewpoints towards energy
consumption
The Q-study identified multiple household viewpoints towards energy in Cardiff
and Manchester. The viewpoints can be mapped onto three axes grouped by theme:
saving the environment; saving money; and apathy. However, while it is tempting
to simply restrict the analysis and discussion to those three axes; that would be an
over-simplification that ignores the insights gained from each distinct viewpoint.
The dominant viewpoint in Cardiff was being energy efficient for the envi-
ronment and greater good; however within this theme two distinct perspectives
emerged. The first, was a conscious and active approach to energy efficiency; while
the second exemplified a desire for clean energy sources but with a passive per-
sonal role of responsibility. The second viewpoint in Cardiff described households
motivated to save money but who lacked information. Overall, the viewpoints
highlighted awareness and engagement with energy use, although the responsibil-
ity of action was not always with the household. As a balance, a unique single case
was also identified that highlighted a detachment towards energy use, as a result
of the participant being removed from managing the household finances.
The themes in Manchester shared many of the characteristics with the view-
points identified in Cardiff. For example, Manchester Factor 1 exemplified house-
holds that valued the environment as well as saving money through energy ef-
ficiency. Although the distinct difference between household and government re-
sponsibility that was clearly identified in Cardiff, was obfuscated in Manchester. On
the other hand, Factor 2 in Manchester was a candid expression of households’ ap-
athy and disinterest. Such households may present a challenge towards retrofitting
the built environment; conversely they may also present the greatest potential for
realised energy savings.
As well as identifying distinct energy viewpoints in Cardiff and Manchester,
a questionnaire was also administered to participants that measured their stated
intent/desire to install retrofit measures and adopt energy efficiency behaviours.
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Analysed together, the results provided a richer context to the viewpoint discussion
and insights.
4.3 Retrofit technology and energy efficiency
behaviour preferences
Using the statistical software package R, the results from the questionnaires were
correlated with the Q Study factor loadings according to the tests of associations
described in Table 3.4, and their p-values adjusted to compensate for multiple com-
parisons using the BH Step-up procedure. These tests were used to investigate the
relationship between the viewpoints identified by Q and the desire/intent to in-
stall/adopt various energy efficiency technologies and behaviours. Specifically, the
numerical factor loadings in Cardiff and Manchester were independently tested for
association with each of the technologies, behaviours, and demographic variables.
Any responses that were purposely left blank because of unfamiliar technologies
or behaviours were given a ’neutral’ score on the Likert item. The results shown
in Table 4 and 5 are the variables that were found to be significantly correlated
(p < 0.05) with each of the factor loadings (note the sign of the correlation to
determine direction of relationship).
Since the Cardiff Factor 4 loadings were the inverted loadings from Factor 3, it
was expected to find an inverse relationship between the variable associations of
Factor 3 and 4.
Overall, there were not many significant relationships between retrofit tech-
nologies and the identified viewpoints. Explicitly, only wall insulation, radiator
thermostats, and combined heat and power boilers were associated (either pos-
itively or negatively) to viewpoints. While it was reassuring to find that Cardiff
Factor 3 (I’m consciously and actively energy efficient because it’s plain common
sense) was associated with the adoption of effective retrofit technologies, it was
consistent with expectations since this was the most ‘pro-active’ viewpoint. How-
ever, the distinct lack of associations between installed retrofit measures and the
other energy aware viewpoints highlighted the psychological value-action gap,
which in this context is the Energy Efficiency Gap, i.e. individuals who expressed
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Table 4.6: Significantly correlated technologies, behaviours, and demographic vari-
ables for Cardiff Factors
Questionnaire variables p value Statistic Test of association
Factor 1: I think about being energy eﬃcient for the environment and greater good
Technologies
Combined heat and power (intent) 0.032 -0.509 Spearman rho
Behaviours
User lower washing machine temp.(adopt) 0.032 0.51 Point-biserial
Factor 2: I want to be more energy eﬃcient to save money, but I don't really know how
Demographics
Energy awareness 0.041 12.321 F-Statistic
Factor 3: I'm consciously and actively energy eﬃcient because it's plain common sense.
Technologies
Wall insulation (installed) 0.039 0.493 Point-biserial
Radiator thermostats (installed) 0.019 0.556 Point-biserial
Factor 4: I don't really think about energy eﬃcient behaviours, but I want my
energy supply to be renewable and greener
Technologies
Wall insulation (installed) 0.039 -0.493 Point-biserial
Radiator thermostats (installed) 0.019 -0.556 Point-biserial
Table 4.7: Significantly correlated technologies, behaviours, and demographic vari-
ables for Manchester Factors
Questionnaire variables p value Statistic Test of association
Factor 1: I think about being energy eﬃcient and the environment is important to
me, but I reduce energy to save money
Behaviours
Turn oﬀ appliances completely (desire) 0.004 0.566 Spearman rho
Turn oﬀ appliances completely (intent) 0.017 0.488 Spearman rho
Turn oﬀ appliances completely (adopt) 0.004 0.578 Point-biserial
Consciously use less (desire) 0.017 0.488 Spearman rho
Consciously use less (intent) 0.017 0.482 Spearman rho
Consciously use less (adopt) 0.004 0.554 Point-biserial
Factor 2: I don't really know how much energy I use, nor do I really care. I'm too
lazy to change my lifestyle.
Behaviours
Turn oﬀ appliances completely (adopt) 0.017 -0.5 Point-biserial
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energy conservation attitudes were not significantly correlated with any of the in-
stalled retrofit technologies.
Conversely, Manchester Factor 1, I think about being energy efficient and the
environment is important to me, but I reduce energy to save money, was the only
viewpoint associated with multiple energy efficiency behaviours. As such, while
the results from the questionnaires helped with the discussion and interpretation
of the factors; the explicit lack of associations between technologies and viewpoints
may again be a re-affirmation of the Energy Efficiency Gap.
4.4 Winter survey results
The winter survey was carried out in order to investigate how the change in season
may affect household viewpoints towards energy use. Naturally, it was expected
that attitudes towards energy may have shifted when the temperature dropped and
heating was turned on. However, since the aim of this research was not explicitly
to investigate how the weather affected attitudes towards energy use, a simplified
postal questionnaire was employed, instead of a second full Q-study. As a result,
the data from the questionnaire was not as rich as the summer Q study, but still
allowed for meaningful comparisons while being more practical to administer and
less onerous for the participants.
In total, 91 winter surveys were posted and 34 were returned, 19 from Cardiff
and 15 from Manchester, resulting in an overall response rate of 37% . From
the 34 returned surveys, 3 were incorrectly filled out and could only be partially
used. In the winter survey, participants were given the same 65 Q statements used
in the summer study and asked to select the 5 statements they agreed with the
most, followed by the 5 statements they disagreed with the most. The results were
compared quantitatively, but more importantly, also qualitatively with the summer
study; as participants were asked in open ended questions to sum up their thoughts
about energy use in their home, and if there is anything they would like to change
about their household energy use.
Quantitatively, the agree and disagree statements in the winter survey were
compared with the ±6, ±5, and ±4 agree/disagree statements from the summer
survey. The total number of repeats were then calculated for each participant, and
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a one-sample statistical t-test used to determine if there was a significant difference
between the seasonal results. The Null Hypothesis was no significant difference be-
tween seasons, i.e. the mean number of repeats was equal to 10 (complete overlap
with the 5 agree and 5 disagree statements); while the one-sided Alternative Hy-
pothesis was that the mean was less than 10. Figure 4.6 shows the total number of
repeated agree and disagree statements for each returned winter survey.
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Figure 4.6: Number of repeated agree and disagree statements between winter
and summer surveys
The total mean for repeated statements was 5.5 with a standard deviation of
1.83. The one-sample two tail t-test (t = −13.90, d f = 31,µ = 10, p < 0.001,α =
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0.01, single-tail) rejected the Null Hypothesis, indicating a significant difference
between summer and winter agree/disagree statements. Given the change in
temperature and corresponding heating use, this result was not surprising in it-
self. More useful, was examining the data qualitatively to investigate the new
agree/disagree statements in order to extend and enhance the interpretation of
the identified viewpoints.
The participants with the least number of repeats (3 or less) summer and winter
were: C33; C26; C4; C10; M37. The C and M prefix represent Cardiff and Manch-
ester participants respectively. Their different statement selections and question-
naire results are discussed below, but the full statement selection between winter
and summer participants is presented in Appendix D. When comparing the Q-study
Factors with the winter results, it is important to remember that the Factors are
composites created by combining all the significantly loaded Q-sorts. Therefore,
even though individual participants may significantly load on a Factor, it does not
necessarily imply that their statement selections completely exemplify the final
Factor interpretation.
Participant C33
Participant C33 loaded onto Cardiff Factor 1 (I think about being energy efficient
for the environment and greater good) with a significant loading score of 0.6194;
however, the winter statement selections reflected a shift in priorities. For exam-
ple, participant C33 agreed with statement 23, “I try and reduce my energy use to
save money” in the winter survey but not the summer survey. Although some envi-
ronmental statements were still selected, such as 14 (“I want my energy use to be
greener”) and 25 (“we’re not using sunlight wind effectively as a nation”).
When asked to sum of their thoughts about energy use in the home, C33 re-
sponded by writing, “more aware of cost, heating used to a minimum, thermostat
regularly turned down.” Similarly, when asked if there is anything they would
like to change about their household energy use (including motivations/barriers),
C33 wrote, “cut down on electricity usage. [motivation] to save money, [barrier]
teenage son.” This focus on saving money manifested itself in Cardiff Factor 2, but
not directly in Factor 1. As such, for participant C33 the winter reflected a shift
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from primarily environmentally themes to a balance between money and environ-
ment, similar to Manchester Factor 1.
Interestingly, there was no change between the summer and winter responses to
the questions: “How frequently do you think about your household energy use?”,
and “thinking about your home in the winter, how easy or difficult is it to keep
your home warm when the heating is on?” The responses in both surveys were
“frequently”, and “very easy” respectively. This result indicated that the change in
seasons and the increase in heating use shifted participant C33’s viewpoint from
environmental to monetary, even though there was no change in home heating
effort perception or energy use awareness.
Participant C26
Participant C26 loaded onto Cardiff Factor 1 with a significant loading score of
0.4940, but also loaded on Factor 2 (I want to be more energy efficient to save
money, but I don’t really know how) with a score of 0.3657. Therefore, partici-
pant C26 already represented a mix of Factors, and this was also reflected in the
winter survey results. When asked to sum of their thoughts about energy use in
the home, C26 responded by writing, “It is very expensive, we use too much of
it. We need to be greener in our approach as individuals and as a nation.”. When
asked if there is anything they would like to change about their household energy
use (including motivations/barriers), C26 wrote, “use less. [motivation] money,
and well-being, do not want to be cold. [barriers] need hot water and cosmetics
(house aesthetics).” This conflation between environment and money was cap-
tured by Manchester Factor 1.
Nevertheless, even though the overall themes and sentiments for participant
C26 did not change substantially between winter and summer, their agree/disagree
statement selection did. Specifically, C26 winter agree statements that were not
repeats from the summer statements were: 2 (“The energy and utility tariffs are
complicated to understand”), 7 (“Old home should be improved to modern building
standards”), 9 (“Parents should ensure that their kids are taught how to be energy
efficient at home”), and 25 (“we’re not using sunlight or wind effectively as a nation”).
Although these statement selections were different, other statements selected by
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participant C26 did overlap with the summer results. As such, more telling than
the winter statement selections, that were not captured in a controlled Q-study,
were the written responses that did align with the summer survey.
Participant C4
Participant C4 also significantly loaded on Cardiff Factor 1 with a score of 0.4626.
However, even though the statement selections varied between winter and sum-
mer, the new winter statements now more closely aligned to Cardiff Factor 1. For
example, the non-repeat environmental statements for participant 4 were: 16 (“we
are too dependant on fossil fuels”); 25 (“we’re not using sunlight or wind effectivfely
as a nation”); and 42 (“I [don’t] believe in climate change”).
The written responses were short, but when asked to generally sum up their
thoughts about energy use in their home, participant C4 wrote, “I try to use as
little as possible. Keeping heating down when not in the room.” No motivation
or barriers were listed, except when asked to explain the reasons for the winter
statement selection, C4 wrote, “I try to conserve energy for the rising costs [that]
can not be met by pensioners like me.” The winter statement selections further
support this participant loading on Cardiff Factor 1, while the written response
also indicates concern about the rising cost of energy use.
Participant C10
Participant C10 significantly loaded on Cardiff Factor 2 with a score of 0.4632
and also had a score of 0.3038 on Factor 1. The repeated statements between
summer and winter supported C10’s association with money focused Factor 2, such
as statement 23 (“I try and reduce my energy use to save money”), and 50 (“I’m [not]
happy with my energy costs”); however the new winter statements also highlighted
inter-occupant conflict. For example statements 11 (“woman use most of the energy
at home”), and 36 (“I try and conserve energy, but sometimes it’s difficult to get other
people to do the same”).
The new statement selections were also supported by the written answers.
Specifically when asked to sum up general thoughts about energy use in their
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home, participant C10 wrote, “it is too high due to my wife’s demands for warmth,
which are greater than mine, and she needs light throughout the house.” There
was no change to the Likert Item responses for “how frequently do you think about
your household energy use?” (response: frequently), and “thinking about your
home in the winter, how easy or difficult is it to keep your home warm when the
heating is on?” (fairly difficult).
The result for participant C10 highlighted how the winter and a difference in
thermal comfort may have exasperated inter-occupant relationships with respect
to household energy use. During the summer such tensions may not have been
present, resulting in participant C10 mostly selecting money focused statements.
However in the winter, even though the focus for conserving energy is still to save
money, there was now a sub-theme about the challenge of getting other people in
the household to do the same.
Participant M37
Participant M37 had a conflated Q-sort that significantly loaded on both Manch-
ester Factor 1 and 2 with the scores of 0.4453 and 0.5388 respectively. As such,
M37’s Q-sort was not used in the construction of the Factors, as it represented
about an equal mix between the two. For question 1, “in general, can you sum
up your thoughts about energy use in your home?” participant M37 wrote, “It’s
a big home and its victorian, so harder and more expensive to heat than some. I
feel better about the efficiency of the heating system following an annual service,
but also recently found out our chimney on the gas fireplace is the wrong type, so
we’re getting a down draught in chimney, and losing heat that way.” This written
response highlighted how a technical factor, such as the physical property itself can
act as a barrier to energy efficiency.
From a statement selection perspective, participant M37 wrote that his state-
ment selection for the winter survey felt too arbitrary to be reliable. Based on that
admission, it was not surprising that there were only two statement repeats from
the winter and summer surveys. They were statements 25 (“we’re not using sun-
light or wind effectively as a nation”) and statement 28 (“I [do] really think about
my household energy use”).
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4.4.1 Winter summary
The winter survey results demonstrated that participants changed statement selec-
tions between seasons, most likely due to the change in temperature and heating
usage. However, despite the difference, the overall new selected statements still
qualitatively fell within the scope of the identified viewpoints from the Q-study,
even though the participants themselves may have changed viewpoints. As such,
even though the energy focus may shift for households depending on season, the
overall viewpoints identified in the summer are still intact during the winter.
Interestingly, even though the participants generally changed statement selec-
tion between summer and winter, there was no significant change in energy aware-
ness or household heating effort, as measured by question 3 “how frequently do
you think about your household energy use? [5 point Likert Item]” and question
4 “thinking about your home in the winter, how easy or difficult is it to keep your
home warm when the heating is on? [4 point response scale].” A Wilcoxon signed
rank test for ordinal repeated measures was used to test the Null Hypothesis that
there was no significant change to participant responses between seasons. Using a
two-tail significance level of α= 0.01 , the Alternative Hypothesis was rejected for
question 3 (V = 86, p = 0.3339) and question 4 (V = 67.5, p = 0.3014), i.e. there
was no significant difference between summer and winter scores.
4.5 Summary
In summary, this chapter presented the results from both phases of research. The
barriers and motivations to retrofitting in the context of large UK cities were iden-
tified; as well as expanded on by examining their associations with each other and
demographics. The results revealed a broad range of socio-technical barriers and
motivations that underscored a need for more holistic retrofit policies and inter-
vention designs.
The Q-study revealed households’ attitudes towards energy in Cardiff and Manch-
ester, specifically the viewpoints were broadly mapped onto three axes: saving
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the environment; saving money; and apathy. As well as those axial themes, sub-
perspectives were also identified, specifically a split in energy efficiency responsi-
bility between the household and the government. Finally, the relationships be-
tween the viewpoints and retrofit technology/energy efficiency behaviour prefer-
ences were identified. Such associations help with the interpretation of the Q
factors and provide further context to the viewpoints.
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Based on the research results, this chapter synthesises the main findings and dis-
cusses their application to help address the Energy Efficiency Gap. The policy im-
plications of the results are also discussed, as well as limitations and suggestions
for future research.
5.1 Discussion of retrofit barriers, motivations, and
demographics
The barriers and motivations to adopting energy efficiency measures, and their
specific association to demographics are summarised in Table 5.1.
It is interesting to note from Table 5.1 that occupant age, household income,
and the number of bedrooms in the household were not significantly associated
with any specific barrier; while on the other hand, household income, marital
status, and type of dwelling were the only variables associated with motivations.
In comparison, other studies also found varied association between demographics
and retrofit barriers/motivations. In his renovation choice model, Jakob [2007]
found that technical building characteristics had a much stronger impact on ren-
ovation choices rather than socio-economic variables, such as income, age, and
professional occupation. As such, this research loosely supported those conclu-
sions, specifically by identifying that sex, age and education were not significantly
associated with any individual motivation, while the technical variable ‘type of
dwelling’ was significant. Conversely, this study found that the socio-economic
variable of household income was significantly associated with motivations, but
that the technical variable ‘number of bedrooms’ in the home was not.
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Using mosaic plots, it is possible to visualise the strength of these associations
using the odds-ratio (Φ). In these plots, the vertical height of each row represents
the barrier/motivation frequency proportion and the horizontal width of each col-
umn represents the demographic variable frequency proportion [Friendly, 1994].
In the following sub-sections, the relationship between each of the demographic
variables and barriers/motivations are discussed in detail.
5.1.1 [D1] Sex
The demographic variable of interviewee sex was not significantly associated with
any motivations; however it was strongly associated with barriers. Specifically,
the mosaic plot in Figure 5.1 shows that women were strongly associated (odds
ratio greater than 2) with the barriers [B1] and [B3] (Beliefs/information and
Family/partner/housemate), while men were more strongly associated with [B4]
and [B5] (Institutional and Landlord-tenant/housing associations). Women were
also weakly associated with barrier [B8] (Property itself) [Pelenur & Cruickshank,
2012a].
As such, the combined results from both studies indicate that while sex can
be used to better understand the barriers preventing the adoption of energy ef-
ficiency measures, sex may not provide any meaningful guidance on how to de-
sign interventions which target specific motivations. This result supports other
studies which found that sex was not associated with any particular motivation
to be energy efficient [Caird et al., 2008; Nair et al., 2010; Sardianou, 2007].
Although, a meta-review by Zelezny et al. [2000] showed that woman reported
stronger environmental attitudes and behaviours than men [Zelezny et al., 2000],
because woman had higher levels of socialisation and were more socially respon-
sible [Zelezny et al., 2000]. Burgess & Nye [2008] also found unexpected gender
differences when measuring the impact of energy monitoring equipment in the
home.
5.1.2 [D2] Age
Age was not significantly associated with specific motivations or barriers. This re-
sult indicates that national or regional campaigns to promote energy efficiency may
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Figure 5.1: Mosaic plot for Sex versus barriers
With the left-hand side shading for ‘females’ (total number of responses 135 from 88 participants)
and the right-hand side shading for ‘males’ (total number of responses 117 from 85 participants)
representing the strength of the odds-ratio. Heavily shaded tiles represent an odds ratio of greater
than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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benefit from broadening to include all age groups, rather than simply targeting the
young or elderly. This study contrasts other research which found that age influ-
enced the stated likelihood to adopt certain energy efficiency measures [Carlsson-
Kanyama et al., 2005; Mahapatra & Gustavsson, 2008; Nair et al., 2010]. It is
difficult to make direct comparisons with other studies because of the contextual
differences. For example the above cited studies were set in Sweden with their own
specific energy efficiency measures. However, such differences highlight the need
for multi-national research, that investigates and compares the Energy Efficiency
Gap across countries.
5.1.3 [D3] Household income
While household income was not associated with any barriers [Pelenur & Cruick-
shank, 2012a], it was strongly associated with some motivations. The mosaic plot
in Figure 5.2 shows that the motivation of [M1] (save money) was strongly asso-
ciated with incomes of greater than £40k, the motivation of [M3] (resource effi-
ciency) was strongly associated with household incomes less than £40k, and the
other motivations [M4-8] were strongly associated with households who declined
to provide income information.
This counter-intuitive result indicates that households who earned greater than
£40k a year were motivated to adopt energy efficiency measures because of their
cost saving potential, while households on lesser incomes were motivated by saving
energy and reducing waste. Anecdotally, the reverse was expected, i.e. that homes
earning less income would be motivated to install energy efficiency measures to
save money. This result should be further investigated, since it can help guide poli-
cies and design incentives which directly appeal to associated demographics. For
example, this research indicates that the UK government’s Green Deal programme
may appeal more to households earning less than £40k a year, since it is cost and
savings-neutral to the home owner.
Across other studies, the influence of income on the adoption of energy effi-
ciency measures varied [Nair et al., 2010]. Some studies showed that household
income influences investment behaviour [Black et al., 1985; Caird et al., 2007;
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Figure 5.2: Mosaic plot for Income versus motivations
With the left-hand side shading for ‘£40k and less’ (total number of responses 116 from 71 par-
ticipants), the middle shading for ‘Greater than £40k’ (total number of responses 89 from 57 par-
ticipants), and the right-hand side shading for ‘Refused’ (total number of responses 33 from 21
participants) representing the strength of the odds-ratio. Heavily shaded tiles represent an odds
ratio of greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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Dillman et al., 1983]; while other studies indicated an absence or low correla-
tion between income and investment behaviour [Barr et al., 2005; Ürge Vorsatz &
Hauff, 2001].
It is interesting to note the strong association between individuals who re-
fused to provide their income information with the ‘other’ non-physical motivations
(warmth & comfort, aesthetics & space, health & safety, and time & convenience).
While this relationship is interesting, the coarseness of the data does not allow for
a meaningful interpretation.
Surprisingly, household income was not correlated with any barrier, remarkably
not even Cost. This lack of association indicates that the upfront cost of energy
efficiency measures may not be as important as often expected for low income
families, or re-phrased, that other barriers are as equally important as cost. From a
demand perspective, this result was in line with other studies reviewed by Guerin
et al. [2000] that found no consensus linking income and energy consumption. As
such, this result implies that price incentives or subsidies that address the cost of
energy efficiency measures may be equally effective for high income families as for
low income families.
5.1.4 [D4] Marital status
Figure 5.3 and Figure 5.4 shows that marital status was strongly associated with
barriers [B5] and [B8] (Landlord-tenant/housing associations, and Property itself)
and with motivations [M1], [M3], and [M4-8] (save money, resource efficiency,
and other). Marital status was also weakly associated with [B1] and [B3] (Be-
liefs/information and Family/partner/housemate). Specifically, married/common-
law interviewees were strongly associated with the Property barrier and with the
motivation to Save Money, while currently single interviewees were strongly asso-
ciated with the Landlord/tenant/housing associations barrier, and strongly associ-
ated with the motivations of Resource Efficiency and Other.
These results were consistent with motivations associated with income since
secondary analysis revealed that married/common-law interviewees in the sample
were correlated with incomes greater than £40k (χ2 = 18.40, df = 2, p < 0.001)
and that single interviewees were correlated with household incomes of less than
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Figure 5.3: Mosaic plot for Marital status versus barriers
With the left-hand side shading for ‘single’ (total number of responses 108 from 77 participants)
and the right-hand side shading for ‘married/common-law’(total number of responses 144 from 96
participants) representing the strength of the odds-ratio. Heavily shaded tiles represent an odds
ratio of greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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Figure 5.4: Mosaic plot for Marital status versus motivations
With the left-hand side shading for ‘single’ (total number of responses 111 from 67 participants)
and the right-hand side shading for ‘married/common-law’ (total number of responses 127 from
82 participants) representing the strength of the odds-ratio. Heavily shaded tiles represent an odds
ratio of greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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£40k. Similarly, married/common-law interviewees in the sample were also corre-
lated to property ownership, and correspondingly single interviewees with tenancy
(χ2 = 16.69, df = 1, p< 0.001). The importance of this result is that interventions
which specifically target the Landlord-tenant/housing associations and Property
barriers should be designed to consider marital status as an important factor.
5.1.5 [D5] Education level
With respect to education level, Figure 5.5 shows that interviewees with a single
university degree level qualification or more were strongly associated with bar-
riers [B5], [B7], and [B8] (Landlord/tenant/housing associations, Personal be-
haviour, and Property itself), and interviewees with up-to a high school or trade
qualification were only weakly associated with barriers [B3], [B4], and [B6] (Fam-
ily/partner/housemate, Institutional, and None) [Pelenur & Cruickshank, 2012a].
The level of education was not significantly associated with any motivations. As
such, while education level can be used to inform policies that target specific bar-
riers, it should not be used to guide the design of incentives. This result contrasts
other studies which found that education influenced the acceptance of energy effi-
ciency measures or strategies [Nair et al., 2010; Olsen, 1983; Ürge Vorsatz & Hauff,
2001].
It was also interesting to compare the results between education and income,
which highlighted how education correlated with barriers but income did not. This
result indicates that using education level as a factor to address energy efficiency
barriers may be more effective than targeting income.
5.1.6 [D6] Dwelling
Figure 5.6 and 5.7 show that residents living in apartments or flats were strongly
associated with barrier [B5] (Landlord-tenant/housing associations) and were strongly
associated with motivation [M3] (Resource efficiency). Similarly, semi/detached
households were strongly associated with motivation [M1] (Save money), but
were not strongly associated with barrier [B8] (Property), instead they were as-
sociated with [B1] (Beliefs).
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Figure 5.5: Mosaic plot for Education level versus barriers
With the left-hand side shading for ‘degree/more’ (total number of responses 143 from 91 partici-
pants) and the right-hand side shading for ‘high school / trade’ (total number of responses 97 from
71 participants) representing the strength of the odds-ratio. Heavily shaded tiles represent an odds
ratio of greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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Figure 5.6: Mosaic plot for Dwelling versus barriers
With the left-hand side shading for ‘flat’ (total number of responses 58 from 41 participants), the
middle shading for ‘terrace’ (total number of responses 61 from 44 participants), and the right-
hand side shading for ‘semi/detached home’ (total number of responses 131 from 87 participants)
representing the strength of the odds-ratio. Heavily shaded tiles represent an odds ratio of greater
than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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Figure 5.7: Mosaic plot for Dwelling versus motivations
With the left-hand side shading for ‘flat’ (total number of responses 48 from 30 participants), the
middle shading for ‘terrace’ (total number of responses 61 from 37 participants), and the right-
hand side shading for ‘semi/detached home’ (total number of responses 127 from 81 participants)
representing the strength of the odds-ratio. Heavily shaded tiles represent an odds ratio of greater
than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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These associations were consistent with previous results for income and marital
status, since apartment and flat residents in the sample were correlated with being
single (χ2 = 19.78, df = 2, p < 0.001), with incomes of less than £40k (χ2 =
18.32, df = 4, p< 0.002), and with being tenants (χ2 = 28.79, df = 2, p< 0.001).
5.1.7 [D7] Number of bedrooms in household
The number of bedrooms was not a statistically significant variable with either mo-
tivations or barriers. As such, even though house size is an established predictor of
household energy consumption [Abrahamse & Steg, 2009; Guerin et al., 2000], it
may not be a reliable variable to use to overcome retrofit barriers or target incen-
tives in the UK context.
5.1.8 [D8] Number of occupants
Not surprisingly, Figure 5.8 shows a strong association between households with 3
or more occupants and barrier [B3] (Family/partner/housemate).
This result is of interest because it highlighted the importance of inter-family/occupant
relationships. Often the household is treated as a single unit by economic models;
however, this result showed that the inter-occupant relationships are the most sig-
nificant barrier for homes with more than 3 occupants. This was consistent with
other studies which found that inter-occupant relationships were an important fac-
tor affecting the adoption of energy efficiency measures [Darby, 2010; Hargreaves
et al., 2010; Shove et al., 1998]. This result indicates that interventions to pro-
mote energy efficiency in homes with 3 or more occupants should be designed to
specifically address problems that may arise due to inter-occupant relationships.
While the number of occupants in a household was strongly associated with the
barrier [B3] (family/partner/housemate), it was not associated with any specific
motivation to adopt energy efficiency measures. This result implies that know-
ing the number of occupants in a household may not help the the design of tar-
geted incentives. As such, while it is important to identify that occupants in large
multi-resident homes list their family/partner/housemates as a barrier towards the
adoption of energy efficiency measures, there is no association with any specific
motivation in such large households.
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Figure 5.8: Mosaic plot for Number of occupants versus barriers
with the left-hand side shading for ‘1 - 2’ (total number of responses 120 from 90 participants) and
the right-hand side shading for ‘3 or greater’ (total number of responses 132 from 83 participants)
representing the strength of the odds-ratio. Heavily shaded tiles represent an odds ratio of greater
than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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5.1.9 [D9] Residence
Residency type was not associated with any specific motivation, although as shown
in Figure 5.9 tenants were correlated with barrier [B5] (Landlord-tenant/housing
associations) and home owners were strongly associated with barrier [B8] (Prop-
erty itself) [Pelenur & Cruickshank, 2012a].
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Figure 5.9: Mosaic plot for Residence versus barriers
With the left-hand side shading for ‘own’ (total number of responses 140 from 100 participants)
and the right-hand side shading for ‘rent/live with family/friends’ (total number of responses 112
from 73 participants) representing the strength of the odds-ratio. Heavily shaded tiles represent an
odds ratio of greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
This was an interesting result given that the type of residency and dwelling type
were associated with each other (χ2 = 28.79, df = 2, p< 0.001). Therefore, it was
unexpected to find that type of dwelling was associated with specific motivations,
but residency was not. This implies that the technical variable of dwelling type
was a better predictor of motivation than the socio-economic variable of residency,
a result supported by Jakob [Jakob, 2007].
Owner occupied homes were also weakly associated with barriers [B2] and
[B6] (Cost and None/no barriers), and tenanted properties were weakly associated
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with [B4] and [B7] (Institutional and Personal behaviour).
5.1.10 [D10] Location
The location demographic variable is of particular interest, because it highlighted
city level barrier correlations, although location was not significantly associated
with any motivations. Specifically, Figure 5.10 showed that Manchester was strongly
associated with [B1], [B2], [B4], and [B7] (Beliefs/information, Cost, Institu-
tional, and Personal behaviour) and weakly associated with [B3] (Family/partner/
housemate); while Cardiff was only strongly associated with [B6] and [B8] (None/no
barriers, and Property itself). This difference should be of interest for the local gov-
ernments in each city, since the results allow for comparison between local council
policies.
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Figure 5.10: Mosaic plot for Location versus barriers
With the left-hand side shading for ‘Manchester’ (total number of responses 119 from 75 partici-
pants) and the right-hand side shading for ‘Cardiff’ (total number of responses 133 from 98 partic-
ipants) representing the strength of the odds-ratio. Heavily shaded tiles represent an odds ratio of
greater than 2, while lightly shaded tiles represents an odds ratio between 1.5 and 2
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This result indicates that while barriers may be regionally dependent, the mo-
tivations that drive households to adopt/install energy efficiency measures may
be nationally common. If true, then centrally coordinated efforts to incentivise
the UK to adopt/install energy efficiency measures may be just as effective as re-
gional targeting; however, further multi-region research is required to confirm this
hypothesis.
5.1.11 Summary of barriers, motivations, and
demographics
Taken together, these results suggest two consistent profiles that policy makers, lo-
cal councils, and members of the construction/retrofit industry can use to improve
the effectiveness of energy efficiency programmes.
Profile 1 - single/earning less than £40k/living in a flat
The results indicated that currently single individuals earning less than £40k a
year and living in apartments/flats were motivated to save resources and be more
efficient out of general principle, but cited that the landlord-tenant/housing associ-
ation was the main barrier preventing their adoption of energy efficiency measures.
This result is also supported by the strong association shown in Figure 4.3 be-
tween the resource/efficiency motivation and the landlord-tenant/housing associ-
ation barrier. Taken together, this result suggests that households that match the
first profile may be ideal candidates for the government Green Deal programme,
since the policy specifically addresses the landlord-tenant split incentive. In this
case, the messaging should be targeted to inform households that by adopting the
Green Deal, they are reducing waste and increasing efficiency.
As a balance, an implication of flats in this profile is that the household built
form itself may limit the scope of possible retrofits, and thereby the extent of en-
ergy performance gains. Nevertheless, if these households are motivated to save
resources and be more efficient from general principle, then it may be effective
to also promote personal energy efficiency behaviours that are not limited by the
landlord-tenant barrier.
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Profile 2 - married/earning greater than £40k/living in a house
The second profile indicated that married/common-law individuals with incomes
greater than £40k a year and living in semi/detached homes were motivated to
save money, but reported that their physical property (either due to planning per-
mission, age of home, space constraints, heritage, etc . . . .) was the significant
barrier preventing their adoption of energy efficiency measures.
Similar to the first profile, this result is supported by the strong association be-
tween the primary profile barrier and motivation, names the relationship between
the motivation to save money and the barrier of property itself. As a whole, this
profile suggests that a cost savings message should accompany any new planning
law or home energy efficiency standard reform that addresses the physical prop-
erty barrier. Such initiatives or policies should target households that match the
second profile to potentially increase their effectiveness.
On the other hand, if the physical property itself is a barrier significantly as-
sociated with this profile, then that may indicate that matching households are
not good candidates for the Green Deal. Since the barrier to adoption isn’t cost re-
lated, rather built form related. As such, in order to overcome this barrier, planning
permission and conservation reform may be needed alongside the Green Deal.
5.1.12 Limitations to the barrier and motivation research
The thematic analysis and statistical tests of associations highlighted barriers, mo-
tivations, and corresponding associations with demographics. However, as with all
complex surveys, the initial design played an important role in the outcome. The
underlying limitation of this analysis was the possibility of sample bias, since the
street interviews were only conducted over 3 days in each city. However, previous
research [Pelenur & Cruickshank, 2012b] attempted to reduce any possible bias by
varying interview locations, and choosing to conduct the interviews over an entire
bank holiday weekend, when the majority of people were off work (i.e. able to
participate). Nevertheless, caution should be taken before generalising the results
across all UK cities.
Similarly, this research aimed to be exploratory as opposed to explanatory;
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hence the emphasis was on identifying empirical barriers and motivations to in-
stalling retrofit measures, as opposed to researching their prevalence. Future re-
search can use a representative sample to investigate the proportion of households
that identify with each barrier or motivation.
A second limitation with this type of study is the temporal nature of opinions.
Fundamentally, the interviews transcribed subjective motivations and barriers, i.e.,
perceived motivations and barriers that were expressed as modifiable opinions
from the interviewees rather than stable observed truths. As such, those opin-
ions are liable to change with the passing of time. However, while the recorded
barriers and motivations may shift, the measured demographic variables are stable
and unlikely to change significantly. The consequence is that future research could
easily use the same demographic variables to repeat this study, and measure any
change in the resulting association with identified barriers and motivations.
Finally, only individual demographic variables were used in the analysis; how-
ever, it is possible for future research to also investigate the association of two
or more demographic variables with each motivation. The results of any future
multi-demographic analysis can be improved by increasing the total number of
participants.
5.2 Discussion of household viewpoints towards
energy consumption
The factors that emerged from Cardiff and Manchester exemplified general view-
points about household energy use. These viewpoints and themes emerged in-
ductively from the general public and participants themselves, instead of a priori
theory. As a result, the viewpoints were free from theoretical constraints which
may have biased their narratives. By further linking the Q Study results with sig-
nificant energy efficient technology/behaviour preferences and demographics, it
was also possible to extend and broaden the interpretation of the factors.
The subjective viewpoints mapped onto three axes grouped by theme: saving
the environment; saving money; and apathy. Within the environmental axis, two
bi-polar specificity viewpoints were also identified: taking an active approach to
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energy efficiency because that’s the right thing to do; and taking a passive ap-
proach to being energy efficient but hoping that others will make the energy sup-
ply more efficient. The interpretation of these viewpoints was further supported
by the results of the questionnaire, specifically by considering which technologies
and behaviours were correlated to each of the factors.
5.2.1 Cardiff viewpoints and demographics
For Cardiff Factor 1 (I think about being energy efficient for the environment and
greater good), the only energy efficiency behaviour significantly correlated was us-
ing washing machines at a lower temperature. From a technology perspective, the
intent to install combined heat and power generators (CHP) was negatively cor-
related with Factor 1. Comments from the questionnaires stated that CHPs were:
unfamiliar; “not appropriate” because of rental property or area; too much of a
“financial outlay”; and that some participants “needed more information about the
cost and benefit.” This indicates that even though this factor exemplified conserv-
ing energy for the environment and greater good, this alone may not be enough to
encourage the uptake of less-known retrofit technologies such as CHPs. Based on
this insight, if the government intends to promote new unfamiliar technologies, it
may benefit by running early adopter trials, providing comprehensive information
about the benefits and costs of the technology, and financial incentives (currently
already in place with the Renewable Heat Incentive policy). The results from this
study suggest that being environmentally aware and actively concerned about en-
ergy efficiency does not necessarily lead to the desire or intention to install energy
efficient technologies.
For Cardiff Factor 2 (I want to be more energy efficient to save money, but I
don’t really know how), it was not surprising to find none of the energy efficient
technologies or behaviours correlated with the viewpoint. The only questionnaire
item significantly correlated was the question relating to energy awareness (“how
frequently do you think about your household energy?”). The positive correlation
implies that households that very frequently think about their energy use, are also
strongly associated with this viewpoint. This result is encouraging for retrofit poli-
cies, since it suggests that a segment of households want to be energy efficient
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and think about it often, but just don’t know how to go about it. Hence, these
households may benefit the most with information and awareness campaigns that
promote saving energy to save money with specific practical examples.
Cardiff Factors 3 (I’m consciously and actively energy efficient because it’s plain
common sense) and 4 (I don’t really think about energy efficient behaviours, but I
want my energy supply to be renewable and greener) represented a bi-polar view-
point that was a specificity of Factor 1. Being a specificity implies general agree-
ment with the main factor, but from different perspectives. Since Factor 3 and 4
also represented two poles from an original bi-polar factor, any correlations iden-
tified for Factor 3 would be reversed for Factor 4. No behaviours or demographics
were associated with either factor, but both the installation of wall insulation and
radiator thermostats were positively associated with Factor 3, and thereby nega-
tively associated with Factor 4. These results reinforce the interpretation of the
viewpoints, with Factor 3 representing a pro-active approach to energy efficiency,
and Factor 4 a passive approach. It was interesting to find that even though Factor
3 represented a pro-active specificity of Factor 1 (environmental), that only the
simplest and most cost effective retrofit measures were associated with it. This im-
plies that even households that hold pro-active energy efficiency viewpoints based
on environmental concern may still require tailored incentives to encourage the
uptake of energy efficiency measures, i.e. even their stated pro-active and envi-
ronmental beliefs may not be enough to motivate them to install retrofit measures.
This research is in line with a meta-review that highlighted how pro-environmental
behaviour can be predicted by multiple factors, and as such should not be simpli-
fied into a single diagram or framework [Kollmuss & Agyeman, 2002].
5.2.2 Manchester viewpoints and demographics
In Manchester, Factor 1 (I think about being energy efficient and the environment
is important to me, but I reduce energy to save money) was a conflated version of
Cardiff’s Factor 1 and 2. Unlike Cardiff, it was not possible to cleanly separate the
two axis (save the environment and save money) but they are both still present in
Manchester as one Factor. No retrofit technologies were associated with the factor;
however two full behaviours (desire, intention, and adoption) were correlated with
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the viewpoint: turning off appliances completely as opposed to leaving them on
stand-by, and consciously using less energy. These behavioural associations were
consistent with the factor’s pro-active narrative towards energy efficiency.
Similarly consistent, the only behaviour associated with Manchester’s Factor 2
(I don’t really know how much energy I use, nor do I really care. I’m too lazy to
change my lifestyle) was a negative correlation with turning off appliances com-
pletely. This factor highlighted households who may be deliberately wasting en-
ergy, instead of taking considered steps towards energy efficiency. Understanding
how to target these households to encourage them to be energy efficient should
be a vital component of any retrofit policy. This viewpoint exemplified households
that were not motived to save money through energy efficiency, nor to conserve en-
ergy for environmental reasons. As such, targeting this viewpoint with traditional
incentives (financial or social causes) may not be productive. Instead, the narrative
suggests that these households may need to be reached at a more personal level,
one that relates to their personal lifestyle and comfort. For this group, retrofit ini-
tiatives shouldn’t be promoted as financial savings, rather as improvements to their
convenience, comfort and lifestyle.
5.2.3 Comparisons between Manchester and Cardiff
Qualitatively, the two viewpoints within Manchester and Cardiff overlapped con-
siderably, with the exception of Manchester Factor 2 (apathy). As such, this result
may indicate that typical households in large UK cities share the common themes
of viewing their energy consumption in the context of the environment and saving
money. The differences between the two cities is that the apathetic viewpoint to-
wards energy use was clearly identified in Manchester, while mostly missing from
the Q Study in Cardiff. Conversely, in Cardiff the responsibility of delivering energy
efficiency retrofits was split between individual households and the government.
This distinction was conflated within Manchester Factor 1.
Since both Q Studies used the same statements, it was also possible to quanti-
tatively examine the relationship between the Manchester and Cardiff results. This
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was accomplished by using each identified viewpoint (factor array) from Manch-
ester and Cardiff as Q Sorts in a new Q Study. This technique, known as second-
order factor analysis, yielded a secondary set of super factors that captured any
relevant family associations or differences between the original viewpoints [Watts
& Stenner, 2012]. Table 5.2 is the correlation matrix from the second-order factor
analysis.
Table 5.2: Correlation matrix between Manchester and Cardiff viewpoints
Correlation matrix between Manchester and Cardiﬀ viewpoints
Manchester 1 Manchester 2 Cardiﬀ 1 Cardiﬀ 2 Cardiﬀ 3 Cardiﬀ 4
Manchester 1 1.00 0.18 0.85 0.59 0.73 0.70
Manchester 2 0.18 1.00 0.36 0.09 0.01 0.45
Cardiﬀ 1 0.85 0.36 1.00 0.45 0.68 0.84
Cardiﬀ 2 0.59 0.09 0.45 1.00 0.44 0.52
Cardiﬀ 3 0.73 0.01 0.68 0.44 1.00 0.48
Cardiﬀ 4 0.70 0.45 0.84 0.52 0.48 1.00
The correlation matrix in Table 5.2 supports the interpretation of overlapping
themes from Manchester and Cardiff. For example, the table demonstrated that
Manchester Factor 1 was associated to some degree with all the Cardiff Factors.
These associations reinforced the interpretation that Manchester Factor 1 was a
conflation of the separate themes identified in Cardiff.
Conversely, Manchester Factor 2 was nearly independent apart from some as-
sociation with Cardiff Factor 1 and 4. Those relationships were consistent with
certain attributes identified in the Cardiff viewpoints. Specifically, even through
Manchester Factor 2 represented a disinterested and apathetic approach towards
household energy use, the viewpoint still exemplified a certain degree of environ-
mental awareness, which was also strongly revealed in Cardiff Factor 1. However,
unlike Cardiff Factor 1, that environmental awareness did not drive Manchester
Factor 2 households towards appreciating energy efficiency. Similarly, Cardiff Fac-
tor 4 represented a passive approach to energy efficiency, with a minimal level of
responsibility placed on the household. That passive approach and lack of respon-
sibility were traits also shared with Manchester Factor 2. From the opposite pole,
Manchester Factor 2 was strongly not associated with Cardiff Factors 2 and 3. Since
Cardiff Factors 2 and 3 represented a pro-active desire to be energy efficient, the
strong lack of correlation further reinforces the interpretation of the factors.
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Analysing the resulting second-order factor matrix also supports these findings.
Table 5.3 is the unrotated and varimax rotated second-order factor matrix. The
factor extraction was done using centroid analysis.
Table 5.3: Second-order factor matrix between Manchester and Cardiff viewpoints
Unrotated factors Rotated factors
1 2 1 2
Manchester 1 0.9111 -0.3040 0.9495 0.1447
Manchester 2 0.2731 0.5226 0.0049 0.5896
Cardiﬀ 1 0.9627 0.0952 0.8135 0.5234
Cardiﬀ 2 0.5677 -0.1894 0.5917 0.0902
Cardiﬀ 3 0.6484 -0.3172 0.7217 0.0132
Cardiﬀ 4 0.8900 0.2662 0.6708 0.6425
Eigenvalues 3.3662 0.5819
% expl.Var. 56 10 48 18
The loading values in Table 5.3 show that Manchester Factor 2 loads exten-
sively on its own second-order factor, while all the remaining factors share a cer-
tain degree of each other’s perspective, as shown in second-order Factor 1. This
comparison identified that nearly all the viewpoints in each Q Study share a com-
mon thread. Indicating overall that the Q Study results in Manchester and Cardiff
were similar.
5.2.4 Household shared viewpoints
For the Q-study, each participant was analysed independently, meaning that there
was one Q-sort per person. However, the study did include multiple participants
living in the same household, for example husband and wife, or mother and daugh-
ter. As such, the results for multi-participant households were examined to identify
if they shared a common viewpoint, or held differing attitudes about energy use.
In Cardiff, there were 6 multi-participant households, while in Manchester, there
were 5. The participant relationships and factor association are shown in Table 5.4
Initial inspection revealed that 5 out of the 11 multi-participant households did
not share a common viewpoint. Although, it is fair to consider Cardiff Factor 4 as a
subset of Factor 1, since it was its specificity. Similarly, having no factor association
does not necessarily imply a disagreement, but rather that the participant’s Q-sort
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Table 5.4: Multi-participant household relationships and factor associations
Location Participant Factor association Relationship
Cardiﬀ 1
C8 2 Mother (senior)
C9 1 Daughter (late 30's)
Cardiﬀ 2
C14 4 Wife
C15 4 Husband
Cardiﬀ 3
C17 1 Husband
C18 1 Wife
Cardiﬀ 4
C22 1 Husband
C23 4 Wife
Cardiﬀ 5
C25 none Husband
C26 1 Wife
Cardiﬀ 6
C38 4 Daughter (late 20's)
C39 1 Father (late 40's)
Manchester 1
M6 1 Wife
M7 1 Husband
Manchester 2
M18 none Daughter (late 20's)
M19 none Father (late 50's)
Manchester 3
M23 1 Wife
M24 1 Husband
Manchester 4
M34 1 Wife
M35 1 Husband
Manchester 5
M42 none Husband
M43 1 Wife
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was conflated, i.e. loaded on multiple factors and was not used. Based on this
interpretation, a second inspection of the data revealed that only one household
had participants with substantially different viewpoints, Cardiff 1.
For household Cardiff 1, the elderly mother (C8) loaded significantly on Cardiff
Factor 2 (I want to be more energy efficient to save money, but I don’t really know
how), while the adult daughter (C9) loaded on Cardiff Factor 1 (I think about being
energy efficient for the environment and greater good). Looking more closely at
the demographics revealed that the home was owned by occupant C8; therefore,
perhaps the act of owning a home and its maintenance influenced participant C8’s
viewpoint towards conserving energy to save money. Although, interestingly the
other two parent-child households did not show this pattern.
Overall, these results suggest that occupants in committed relationships within
households may share a common viewpoint towards energy use. This insight is
relevant for policy makers aiming to change household behaviour towards energy,
as it indicates that a unified approach per household is justified; however, this
result should be validated with a wider sample. Nevertheless, it was interesting to
see that all wife/husband pairs shared very similar attitudes towards energy use.
5.2.5 Summary of household viewpoints toward energy
consumption
In summary, this research identified the following three principal viewpoints that
households have towards energy: energy in relation to the environment; energy in
relation to money; and apathy. Naturally, these viewpoints are not mutually exclu-
sive nor indivisible; they are summaries that contain subtle nuances that overlap.
Theoretically, the viewpoints and major sub-perspectives are shown in Figure
5.11. The overlaps underscore insights from the second-order factor analysis.
The results were not counter intuitive, households think about energy in terms
of money, the environment, or don’t care; yet the benefit of this research was that
it was able to provide robust evidence to support such anecdotal experience. Sim-
ilarly, this research was able to distil the ‘noisy’ subjective discourse about house-
hold energy into succinct and useful summaries. As such, these Q-studies provided
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Figure 5.11: Cardiff and Manchester representation of viewpoints
rigorous and empirical results that policy makers and retrofit professionals can ap-
ply to improve the energy performance of the built environment. Specific guidance
for each viewpoint is discussed below.
The environment
Even though the narratives of Cardiff Factor 1 and Manchester Factor 1 included
a strong sense of environmental responsibility, they also revealed that an envi-
ronmental conscious alone was not enough to consistently spur energy efficient
behaviours or the adoption of energy efficiency measures. For example, in Manch-
ester Factor 1 saving money was identified as the primary motivation despite a
strong sense of environmental obligation. As such, it is recommended that pub-
lic information campaigns that highlight environmental or green issues also pro-
mote secondary motivations to encourage the adoption energy efficient technolo-
gies/behaviours. This research tentatively indicated that simply promoting a public
environmental conscious may not be enough to change home retrofit choices.
Saving money
Saving energy to reduce costs is an expected and standard motivation to be energy
efficient. However, the desire to save money does not necessarily imply that house-
holds know which actions to take, as per Cardiff Factor 2 (I want to be more energy
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efficient to save money, but I don’t really know how). As such, more targeted infor-
mation/awareness campaigns to promote energy efficient retrofits and behaviours
are needed alongside the simple cost savings message. For example, the narra-
tive of Cardiff Factor 2 revealed that even though households with this viewpoint
want to conserve energy to save money, they prefer to still heat the whole home
instead of just occupied rooms. Therefore, it is recommended that as well as pro-
moting the monetary savings of specific energy efficiency measures/behaviours,
information campaigns also include the costs of inefficient behaviours or poor per-
forming technology. Highlighting costs as opposed to savings takes advantage of
behavioural economic evidence that losses or disadvantages have greater impact
on preferences than gains or advantages [Tversky & Kahneman, 1991].
Apathy
Most of the identified viewpoints expressed a clear opinion about energy use in the
home, but Manchester Factor 2 ( I don’t really know how much energy I use, nor do
I really care. I’m too lazy to change my lifestyle) highlighted that some households
are naturally apathetic towards energy issues. Encouraging households that hold
this viewpoint to adopt energy efficient retrofits or behaviours may be a significant
challenge, considering they may not be directly motivated by traditional incen-
tives. Instead, two approaches are recommended. The first is to promote energy
efficiency retrofits as an improvement in convenience or lifestyle, opposed to cost
savings or environmental reasons. For example, offering a loft clearance service
alongside loft insulation to make it more convenient may help its adoption, even if
the clearance service is offered at retail price. The second approach is to not tar-
get these households directly, but instead focus on improving the efficiency of the
overall energy supply system, such as de-carbonising the grid. Systematic changes
to the overall system may not change the energy demand of these households, but
it will at least reduce their impact.
5.2.6 Limitations of the Q Study
The Q Studies in Manchester and Cardiff investigated temporal and contextual de-
pendent data, i.e. subjective viewpoints toward energy consumption. As such, the
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results were limited to the here and now, and may not necessarily be applicable in
different circumstances, similar to the thematic analysis for motivations and bar-
riers. For example, there may be substantial differences between how households
in the UK or the USA view their own energy use. Even within the UK, viewpoints
may vary between rural and urban communities. However, Q Methodology does
not aim for generalisability in a quantitative sense, rather it excels at investigating
a subjective topic within a specific context. In this case, the scope of the study was
limited to typical households in Manchester and Cardiff. The overlapping results
between Manchester and Cardiff suggest that the identified viewpoints may also
be applicable to other large UK cities, but further research is necessary to confirm
this hypothesis.
Paralleling the thematic analysis, the Q Studies also did not investigate the
prevalence or representativeness of the viewpoints. Instead, the aim was to en-
capsulate the subjective viewpoints of households into functional narratives to be
further explored by researchers, policy makers, and retrofit professionals. In order
to investigate the prevalence of each viewpoint, a secondary study employing a
traditional questionnaire can be used with a larger sample size [Danielson, 2009].
Another important consideration is how to scale up these household results
to the neighbourhood or city-level. Meeting the challenge of improving the en-
ergy performance of the UK built environment requires a coordinated city level
approach, as opposed to piecemeal retrofits [Dixon & Eames, 2013; Kelly, 2009,
2010]. Therefore, while this research focused on identifying household viewpoints
towards energy consumption, further research can extend these results by investi-
gating how these viewpoints intersect in a neighbourhood or larger community.
5.3 Policy implication of results
5.3.1 National policy
Nationally, there are a range of policies designed to encourage domestic retrofitting
and the uptake of energy efficiency measures. The three most significant for ordi-
nary households is the Green Deal, the solar energy Feed-In Tariff, and the Renew-
able Heat Incentive. Among these, the Green Deal is the flagship policy designed
152
5. Discussion
to encourage household retrofits and improve energy efficiency. However, despite
38,259 Green Deal assessments within approximately the first quarter of the pol-
icy’s introduction, only 245 households signed up to the scheme [Department of
Energy and Climate Change, 2013b]. Conversely for low-income households, pro-
visional figures show that there were 81,798 measures installed under the Energy
Company Obligation (ECO) scheme. This discrepancy may be due partly because
households are not yet comfortable with the home loan finance structure intro-
duced by the Green Deal, or a lack of accredited installers; as opposed to ECO, that
is a standard subsidy from energy suppliers given directly to customers for their
purchase of energy efficiency measures.
Supporting the Green Deal and ECO are the solar Feed-In Tariff and the Re-
newable Heat Incentive, that specifically offer subsidies to install renewable or
low-carbon domestic energy generation (excluded in the Green Deal). Considered
together, these policies provide a comprehensive financial incentive for UK house-
holds to retrofit their homes. However, as demonstrated in the first quarter uptake
figures, there is a large opportunity to increase or accelerate the adoption rate of
the Green Deal, the UK’s flagship retrofit policy. Therefore, based on the results of
this research, specific recommendations are presented to improve the uptake of the
Green Deal and thereby the energy efficiency of the domestic built environment.
5.3.2 Manchester city policy
Although national policies apply to all regions in the UK, some local councils
are also in the process of tailoring their own area’s strategy to the initiatives.
In Manchester, the local council formed a working group in 2013 to develop a
neighbourhood-level housing retrofit plan that maximises ECO and Green Deal
opportunities, with the aim of publishing a final plan in 2014 [Manchester City
Council, 2013a]. Supporting the working group, is a set of partnerships the coun-
cil established with third sector organisations, private landlords, registered Green
Deal providers, and universities. These partnerships were developed to coordi-
nate communication about the Green Deal and develop a citywide training plan
for contractors, supply chain, and retrofit professionals [Manchester City Council,
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2013a]. For example, the ‘Get Me Toasty’ campaign based on ECO provides fund-
ing for home energy efficiency improvements to vulnerable and low-income house-
holds [Manchester City Council, 2013b]. The scheme is a partnership between the
Greater Manchester local authorities and delivery partners Dyson Energy Services,
Carillion Energy Services and Forrest [Manchester City Council, 2013b].
The emergent viewpoints from the Manchester Q-study indicated that house-
holds think about energy in terms of saving money, or are generally apathetic.
While it is not possible to fully generalise the results to all of Manchester, the Q-
study viewpoints provided an insight into prevailing attitudes in Manchester for
average neighbourhoods. As such, the Manchester City Council should align their
promotion of retrofitting with saving money and specifically address household
apathy in their neighbourhood-level housing retrofit plan. Household apathy is
particularly important to overcome in order for national policies such as the Green
Deal to be effective.
Compounding the challenge is the result that no specific motivation was associ-
ated with Manchester. Therefore, based on the Q-study viewpoints, retrofits should
be promoted as a way to save money and enhance lifestyle or comfort. The latter
message may help with apathetic households. On the other hand, multiple retrofit
barriers were associated with Manchester over Cardiff, they were: beliefs, cost,
institutional, and personal behaviour. The diverse range of barriers highlights the
complexity of retrofitting in Manchester, but are in line with some of the Q-study
results. For example, promoting retrofitting as a lifestyle enhancement may not
only target apathetic households, but also homes that see their personal behaviour
as a barrier. Likewise, the Greater Manchester local authorities should investigate
further why typical households in their areas were associated with institutional
barriers, such as planning regulation, versus households in Cardiff. These results
illuminate possible policy initiatives that the Greater Manchester local authorities
should investigate further.
5.3.3 Cardiff city policy
In Cardiff, the retrofit strategies are mostly driven by Wales wide initiatives in-
stead of local council teams. For example, Arbed (meaning ‘to save’ in Welsh) is
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a strategic energy performance investment programme introduced by the Welsh
Government to improve the energy efficiency of social housing and deprived ar-
eas of Wales [Welsh Government, 2013]. Phase two started in May 2012 and
is partly funded by ECO and the European Regional Development Fund (ERDF)
[Welsh Government, 2013]. Similarly, Warm Wales is a community interest com-
pany working in partnership with Npower and local authorities to use government
grants to also deliver affordable warmth projects to vulnerable communities in
Wales [Warm Wales, 2013].
Within Cardiff itself, the local council adopted a Cardiff Housing Strategy and
Affordable Warmth Strategy for 2012-2017, which set out the strategic direction
for housing provision and services [Department of Energy and Climate Change,
2013b]. However, while the strategies broadly outline Cardiff’s commitment to re-
duce fuel poverty and improve the energy efficiency of the built environment, they
do not outline any specific city-wide retrofit initiatives. As such, an opportunity
exists for Cardiff Council to use the results from this research to help tailor a more
targeted retrofit strategy.
The results from the Q study indicated that while Cardiff households may have
varied motivations to conserve energy, all the emergent viewpoints contained an
element of environmental awareness. If further research confirms a heightened
environmental conscious in Cardiff, then future retrofit strategies may benefit by
including an element of environmental protection. One possible explanation for
this common thread among viewpoints may be because the long standing contro-
versy surrounding the proposed Severn Barrage tidal power scheme. The scheme
refers to a range of ideas for building a barrage to capture tidal power in the Sev-
ern tidal estuary. Such a barrage would contribute to the UK’s energy and climate
objectives; however the latest proposal failed to demonstrate economic, environ-
mental and public acceptability [Energy and Climate Change Committee, 2013].
This hypothesis is supported by interview transcripts in Cardiff that highlight mul-
tiple instances of the term ‘water/tidal energy’.
One approach to combine retrofitting with environmentalism for Cardiff may be
to use their ‘One Planet City’ vision as a platform to promote domestic retrofitting
[Cardiff Council, 2012a]. However, since no specific motivations were associ-
ated with Cardiff, it is important to design multi-faceted incentives, that promote
155
5. Discussion
retrofitting to save money, save the environment, and save resources/energy.
From a barrier perspective, the one consistent barrier associated with Cardiff
over Manchester was the property itself. This barrier encompassed the sub-barriers
of the physical property, and conservation & heritage, i.e. limitations that the
property itself imposes on occupants (example loft space), and planning issues
associated with listed buildings conservation areas. To help overcome this barrier,
Cardiff Council should examine its conservation & heritage planning policies, and
review the extent that building stock characteristics are hindering retrofit efforts.
The aim should be to ensure that retrofit initiatives are not being unnecessarily
impeded by onerous policy.
5.4 Addressing the Energy Efficiency Gap
The Energy Efficiency Gap is a complex phenomenon resulting in a shortfall be-
tween the full potential and realised adoption of energy efficiency measures in the
UK. As such, addressing this gap is an important step towards improving the energy
performance of the UK’s built environment. Since this gap is conflated by multiple
themes, an inter-disciplinary research approach was adopted that examined the in-
teraction between social and technical factors likely contributing to the gap. This
research first defined the phenomenon using a theoretical model (Figure 3.4) and
followed by illuminating multiple areas within the model; specifically the barriers
and motivations to retrofitting, as well as the viewpoints towards energy use and
energy efficient behaviours. The results were presented individually and extended
by examining cross-correlations and associations with demographics.
Based on the conducted research, Figure 5.12 highlights how the results apply
to each of the model areas, specifically: cognitive norms (e.g. beliefs, understand-
ings); material culture (e.g. technologies, building form); energy practices (e.g.
activities, processes); motivations; and barriers.
The theoretical model presented in Figure 5.12 and the results underpinning
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Material
culture
Energy
practices
Cognitive
norms
MOTIVATIONS TO
CHANGING
COGNITIVE NORMS
Households
MOTIVATIONS TO
CHANGING
ENERGY PRACTICES
MOTIVATIONS TO
CHANGING
MATERIAL CULTURE
Cost, Property itself, Personal behaviour, Landlord-tenant,
Family/partner/housemate, Beliefs/information, Institutional
Viewpoints toward energy
Environment
Pro-active (environment)
Passive (environment)
Apathy,
Money
Retrofit Technologies
Loft insulation,
Double glazing,
Ground source heat pump,
Passive lighting,
Improved heating controls,
Boiler insulation,
Draught proofing,
Energy efficient lighting,
Solar thermal,
Retrofit Technologies
Wall insulation,
Triple glazing,
CHP,
Micro-wind,
Radiator thermostats,
Floor insulation,
Condensing boiler,
Air source heat pump,
Solar PV
Energy Efficiency Behaviours
Seek energy saving advice,
Consciously use less,
Coordinate time-of-use for appliances,
Turn appliances off completely,
Put on a jumper,
Get rid of unnecessary gadgets
Barriers
Save money, environmental/emissions, resource efficiency,
Warmth/comfort, aesthetics/space, health/safety, time/convenience
Motivations
Figure 5.12: Results within theoretical research
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it provide a useful roadmap to help policy makers and retrofit practitioners ad-
dress the Energy Efficiency Gap. Naturally, the results were not meant to be fully
exhaustive; rather they represented the outcomes of specific research methods.
Future research using different methods and perspectives may illuminate further
facets of the model.
Since the results of this research were exploratory, it was not possible to quan-
titatively measure the prevalence of the identified motivations, barriers, or view-
points. As such it was also difficult to gauge the relative importance of each dimen-
sion within the model. Nevertheless, this research was able to empirically identify
the substantial dimensions, in order to create a practical framework that policy
makers and retrofit professionals can use to improve the energy performance of
the built environment. Similarly, the model and results provide the foundations
and guidelines for future quantitative studies to build on. Finally, such a frame-
work also facilitates the discussion of practical solutions to the Energy Efficiency
Gap, which by itself is a complex and opaque phenomenon.
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This chapter summaries the overall research project, starting with the rationale
and original research questions, followed by the results and discussion. The impli-
cations of the results and recommendations for policy makers and retrofit profes-
sionals are also presented; as well as future research guidance and final concluding
remarks.
As part of the EPSRC and SUE research programme, “Re-Engineering the City
2020-2050 Urban Foresight and Transition Management (RETROFIT 2050)”, the pri-
mary aim of this thesis was to identify UK household perspectives towards energy
efficient technologies and behaviour. This was achieved by investigating the moti-
vations and barriers to adopting energy efficient technologies, as well as identifying
household viewpoints towards energy and linking them to retrofit technology and
energy efficiency behaviour preferences. The overarching rationale was to better
understand and recommend ways to address the Energy Efficiency Gap, in order
to improve the adoption of domestic retrofit measures. In OECD countries, the en-
ergy loss due to the Energy Efficiency Gap is estimated at 30% of the total potential
energy savings of the measures. This is particularly important in the UK, given the
heating and moving of air and water, and the use of appliances in existing homes
accounts for 27% of all the anthropogenic carbon emissions, and an estimated 72%
of household energy is used for space and water heating. Therefore addressing the
Energy Efficiency Gap and retrofitting the UK domestic built environment presents
an outstanding opportunity to cut CO2 emissions, reduce national energy demand,
and improve building performance.
In order to improve our understanding of the Energy Efficiency Gap, this re-
search adopted a mixed-method research methodology that employed qualitative
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and quantitative techniques. Specifically by using a socio-technical two phase ap-
proach that considered retrofit social and technical factors together. The first phase
of research applied thematic analysis and a modified chi-square test of association
to investigate the barriers and motivations of retrofitting; while the second phase
applied Q Methodology and a questionnaire to investigate household viewpoints
towards energy use, and retrofit technology and energy efficiency behaviour pref-
erences. All the research was conducted in typical neighbourhoods of Manchester
and Cardiff, which are cities of interest because both are seeking to overcome re-
cent industrial decline by regenerating and retrofitting their built environment.
In total, 8 barriers to retrofitting were identified, as well as 8 distinct motiva-
tions. The barriers and motivations included traditional monetary factors, but also
many social factors, such as inter-occupant relationships and beliefs. The results
highlighted the importance of applying an inter-disciplinary approach to improve
the adoptions of retrofit measures. As such, a holistic analysis of the barriers,
motivations and demographics revealed two consistent household profiles for in-
terventions. The first profile was defined by currently single individuals earning
less than £40k a year and living in apartments/flats, who were motivated to save
resources and be more efficient out of general principle, but cited that the landlord-
tenant/housing association was the main barrier preventing their adoption of en-
ergy efficiency measures. The second profile was defined by married/common-law
individuals with incomes greater than £40k a year and living in semi/detached
homes, who were motivated to save money, but reported that their physical prop-
erty (either due to planning permission, age of home, space constraints, heritage,
etc.) was the significant barrier preventing their adoption of energy efficiency mea-
sures.
Complementing this research, the Q study explored subjective viewpoints to-
wards household energy consumption. The identified viewpoints were grouped
along three broad themes: saving the environment; saving money; and apathy.
Within the environmental axis, two bi-polar specificity viewpoints were also iden-
tified: taking an active approach to energy efficiency because that’s the right thing
to do; and taking a passive approach to being energy efficient but hoping that
others will make the energy supply more efficient.
These viewpoints were anecdotally intuitive, but this research helped provide
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further empirical evidence required for policy making. The results between Manch-
ester and Cardiff were compared, and while they were distinct perspectives, the
substantial overlaps implied a common set of viewpoints for both cities. Similarly,
multi-participant households tended to share the same viewpoint within this study,
particularly husband and wife partnerships. Such agreement may seem counter-
intuitive; however, perhaps underneath expected superficial disagreements, this
result highlighted a shared set of core values within long term partnerships. This
result should be further explored in a wider explanatory study.
These results were placed within a theoretical model that provided a framework
to improve our understanding and address the Energy Efficiency Gap. The overall
aim was to demonstrate a socio-technical approach to improve the uptake of future
retrofit programmes, in order to help reduce domestic energy demand in the con-
text of large UK cities. Based on the research results, the next section synthesises
the guidance and recommendations for policy makers, and retrofit professionals.
6.1 Recommendations
The following guidance and recommendations are presented based on the results
of the barrier/motivation research, viewpoints towards household energy use, and
their associations with specific demographics. Fundamentally, since this research
was exploratory in nature, the proposed guidance should first act as signposts for
future research, and then be tested against a national representative sample. Nev-
ertheless, within the context of typical neighbourhoods in Cardiff and Manchester,
the following recommendations apply.
6.1.1 Awareness/information campaigns
The results suggest that awareness/information campaigns to promote energy effi-
ciency measures may be more effective by targeting woman and residents living in
semi/detached dwellings. Using this insight, it is possible to specifically investigate
what missing information women and semi/detached households would find most
beneficial; thereby, improving the relevancy of overall awareness campaigns. This
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result highlights how energy efficiency awareness/information campaigns should
be tailored and personalised for the appropriate segments.
6.1.2 Upfront cost and saving money
While standard economic models typically focus on the upfront cost of energy ef-
ficiency measures, this research found that this was not a significantly associated
with any demographics, apart from Manchester instead of Cardiff. That is not to
say the initial purchase price of retrofit measures is not a substantial barrier, just
that it may apply equally between all household demographics. In order to bet-
ter understand why the upfront cost was associated with only Manchester and not
Cardiff, local policy makers should compare the general prices of retrofit measures
between the two regions for potential insights.
Equally on the other side of the coin, saving money was identified as a mo-
tivation to install retrofit measures, as well as a viewpoint that households hold
towards their energy consumption. This research suggests that simply promoting
retrofits as the ‘right thing’ to do for environmental or social reasons may not be
enough to change home retrofit choices. Instead, retrofit programmes should also
promote energy efficiency measures as a way to save money.
Specific demographics associated with saving money were households with a
total income of greater than £40k, married/common-law individuals, and semi/detached
homes. However, even though households in general want to save money through
energy efficiency retrofits, that is not always reflected in their energy practices,
for example heating the whole home instead of just occupied rooms. Therefore, it
is recommended to also include the costs of inefficient behaviours alongside pro-
moting the monetary benefits of retrofit measures; since behaviour is likely to be
affected more by loss aversion than potential gains.
6.1.3 Inter-occupant relationships
This research highlighted how inter-occupant relationships are an important social
factor affecting the adoption of energy efficiency measures, and as such should not
be ignored by technical professionals. Promoting retrofit measures to the primary
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individual responsible for household finances may not be enough; other individu-
als, especially partners in committed relationships and multi-tenanted homes with
3 or more residents, should also be engaged. As such, retrofit programmes should
be designed from the onset to include a household stakeholder engagement compo-
nent. Involving multiple residents may improve the adoption of such programmes.
Similarly, this result may also extend to neighbourhoods and larger communi-
ties. If the aim of government is to retrofit the built environment at a city scale,
then larger stakeholder engagement groups within neighbourhoods and communi-
ties may help improve the effectiveness of the programme.
6.1.4 Landlord-tenant split incentive and institutional change
The UK Green Deal programme attempts to address the landlord-tenant split in-
centive with a novel financial scheme, where the cost of the retrofit measure is
recouped through a charge of instalments on the household energy bill regardless
of tenancy. Currently, all households are targeted; however this research suggests
that the adoption of the Green Deal may be improved by specifically targeting
single tenants; individuals with a degree or more of educations; and flats and
terraced households. However, as well as providing a monetary incentive, policy
makers should also address other important institutional barriers that may affect
the adoption of the Green Deal, and retrofit measures in general. For example,
mistrust in government, energy companies, and contractors.
Overcoming household mistrust towards energy/government institutions is not
trivial; nevertheless it may be assuaged by using an established accreditation scheme
or set of standards. This research also revealed that this type of mistrust is strongly
associated with Manchester, but not Cardiff. Therefore, local policy makers and
utilities within Manchester may benefit by comparing their institutions with those
in Cardiff. Such city comparisons may lead to the identification of policy differ-
ences and/or practices which may help Manchester overcome established house-
hold mistrust and improve the uptake of energy efficiency measures.
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6.1.5 Personal behaviour, values, attitude and thermal
comfort
This research identified a wide range of motivations, barriers, and viewpoints re-
lating to personal behaviour that may sometimes come in conflict with energy
efficiency. For example: apathy; increased expectation of thermal comfort; conve-
nience; and laziness.
Changing household attitudes and values towards energy was beyond the scope
of this research; however, such a change may be required to produce the needed
step-change in retrofitting. Fundamentally, households that don’t care about en-
ergy use, or admit to being too lazy to change, may not be easily motived to adopt
retrofit measures with traditional incentives. Instead, two possible approaches are
recommended. The first is to promote retrofits as an improvement in convenience
or lifestyle, instead of cost savings or environmental reasons; and the second rec-
ommendation is to improve the overall efficiency of the energy supply system.
Systematic changes to the overall system, such as de-carbonising the grid, may not
change the energy demand of these households, but it will at least reduce their
impact.
6.1.6 Physical property and aesthetics
Many of the recommendations to overcome the Energy Efficiency Gap deal specifi-
cally with household occupants; however our material culture is also a substantial
factor, i.e. our physical homes. The results imply that interventions that focus on
the physical property and/or planning issues should specifically target individuals
who are married/common-law, individuals with a degree or more of higher ed-
ucation, and owner-occupied homes. Systematically, it is possible to mandate an
upgrade of the built environment by legislating stricter energy efficiency standards.
Although, this approach may be too onerous for households, and take too long. In-
stead, a simpler recommendation is to tie the house Council Tax or Stamp Duty
to its energy performance. This can be accomplished by using the existing Energy
Performance Certificates (EPC). For example, homes that are rated B or above can
be given a Council Tax discount, while homes rated D and below can be fined.
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In 2011, only approximately 15% of homes were rated C or above [Department
for Communities and Local Government, 2013b]. While this solution is practically
simple to implement, it may not be politically feasible given the contentious nature
of Council Taxes.
The result also showed that certain households were motivated to adopt energy
efficiency measures or prevented because of the aesthetics of the home. As such,
visible energy efficiency measures, such as double glazing or micro-generation,
should be developed to meet households’ aesthetic requirements, alongside tradi-
tional monetary expectations. To this effect, engineers and architects should work
closely to develop retrofit measures that not only meet practical requirements, but
also subjective demands.
In summary, these recommendations are aimed at policy makers, academics,
and retrofit industry professionals who are working to improve the effectiveness of
future retrofit interventions, and reduce the Energy Efficiency Gap.
6.2 Further research
With respect to further research, two possible areas to address are outlined below.
The first suggests ways that further research can overcome the limitations of this
work, while the second area highlights ways to build on the research and extend
the results to different contexts.
6.2.1 Overcoming limitations
The methodology used by this research emphasised identifying empirical barriers,
motivations, and viewpoints to installing retrofit measures, as opposed to quan-
tifying their prevalence. As a result, a limitation of this research was that the
prevalence of the identified barriers, motivations, and viewpoints within the gen-
eral public was unknown. In order to address this limitation and refine the rec-
ommendations presented in this research, further research should carry out a sec-
ondary prevalence study with a much larger sample size. The aim of the secondary
study should be to determine the extent to which the general public identify with
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each barrier, motivation, or viewpoint. Measuring and quantifying this prevalence
would enable policy makers and retrofit professionals to prioritise and more accu-
rately estimate the impact of addressing each barrier, motivation, or viewpoint.
Another limitation that can be addressed by further research is to examine
the generalisability of the results. Specifically, since the participant samples for
the interviews and thematic analysis were only representative of Manchester and
Cardiff, caution should be applied before generalising the results to other UK cities.
In order to address this limitation and improve the reliability and validity of the
results, further studies should replicate this research design in other UK urban
centres. The results of such studies would strengthen the recommendations of this
research and improve overall generalisability.
Similarly, to test the reliability of the results over time, further research should
use the same demographic variables and sampling criteria to repeat the study and
contrast their findings with this research. Such repeated studies would help deter-
mine the stability over time of the identified subjective motivations, barriers, and
viewpoints.
Finally, many methods exist that can be used to measure attitudes or other
subjective variables, each with their own strengths and weaknesses. As such, in
order to improve the validity of the identified subjective factors, future studies can
adopt the same overall research design, but use different methods to investigate
the motivations, barriers, and viewpoints towards energy retrofits. Those results
would help triangulate the findings from this research and improve the overall
validity.
6.2.2 Extending the results
Retrofitting UK homes at the city scale presents an excellent opportunity to help
improve the energy performance of the domestic built environment, energy secu-
rity, and reduce national GHG emissions. However, the scale of the challenge also
presents substantial obstacles, one of which is the Energy Efficiency Gap.
The complexity of the Energy Efficiency Gap, with inter-linked social and tech-
nical factors, naturally lends itself to inter-disciplinary study. As such, this research
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used social science methods in an engineering context to investigate the moti-
vations, barriers, and viewpoints that households hold towards their energy con-
sumption and retrofit technologies. The hope is that this research helps policy mak-
ers and retrofit professionals better address the Energy Efficiency Gap; however, a
single study in isolation is insufficient. Instead, future research should extend these
results to improve their applicability and encourage the effective city-wide retrofit
of homes. For example, this research can be repeated in other large urban cities,
such as London or Edinburgh, to compare and contrast results. Similarly, future
research can also rigorously test possible interventions that either address the iden-
tified barriers or encourage the motivations. For example, by using a randomised
controlled trial, it would be possible to test the effectiveness of tailored retrofit
interventions that target specific demographic profiles outlined in this research.
Marketing research can also further build on the identified viewpoints through
focus groups, and more intensive observational studies. Such research can help
better define the population segmentation with respect to views on energy use,
and provide a richer interpretation of the context.
From an engineering perspective, this research can support the design of tech-
nical retrofit measures by highlighting their link to social factors, such as subjec-
tive viewpoints. Future organisational and project management studies can build
on this research to investigate new pathways for city-wide retrofits. By further
building on the links between technical retrofit measures and social factors, is is
possible to research new operational strategies that help policy makers and retrofit
professionals implement systematic retrofits.
To widen the research applicability, further research can use the same design
but target atypical demographics, such as fringe neighbourhoods in Cardiff and
Manchester. The findings from such studies would complement the Q Methodol-
ogy results from this research and allow for similarities/differences to be identified
between samples. Together, the investigation of viewpoints in typical neighbour-
hoods, as well as atypical communities, would allow for a more holistic interpreta-
tion of the data and improve the applicability of the recommendations.
Another area for extension is to investigate how these results for households
can be scaled up to encourage city-wide retrofitting. Such systematic city-level
action, as opposed to piecemeal upgrades, is required for the step-change needed
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to improve the built environment’s energy performance. A natural extension may
be to repeat the research, but use a wider unit of study such as neighbourhoods or
post codes, instead of individual households.
Beyond the UK, it would also be interesting to determine what differences/similarities
exist between the factors affecting the Energy Efficiency Gap in the UK with other
developed OECD countries. Despite the cultural differences, extending this re-
search to other countries may generate novel insights still applicable to the UK.
Going forward, this research created another stepping stone on the journey
towards energy efficiency. One that relied on previous research, while also creating
a new footing for the way forward. It is this researcher’s hope that future studies
will build on these results and extend the investigation into overcoming the Energy
Efficiency Gap.
6.3 Final reflections
In conclusion, this research identified household perspectives towards energy use
(motivations, barriers, and viewpoints), and linked them to retrofit technology and
energy efficiency behaviour preferences. The academic journey taken to obtain
these results, and ensuing discussions were of great personal satisfaction. As a
Chartered Engineer, the emphasis of my training centred on gathering and making
decisions based on rigorous objective quantitative evidence. Such good practices
are essential for the reliable design of mechanical, electrical, and civil engineering
systems; however, when technical designs escape the lab and interact with society,
they often encounter a new set of constraints, such as political systems and social
values. Anecdotally, quantitatively trained engineers are quick to dismiss designing
for these subjective factors, since they are either outside the scope of the problem
or considered irrational. However, I consider engineering to be an applied science,
not simply in the application of design, but also in the application within society. It
is my opinion that in order for engineering projects to fully succeed, they must not
only consider the technical constraints, but also adopt a sustainable and holistic
approach to the design.
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As well as answering the research questions, my personal motivation to under-
take this PhD was to learn how to conduct rigorous research, grow as a profes-
sional, and broaden my understanding of engineering applications within society.
Using these lessons, I hope to continue contributing to academic scholarship, and
help expand the positive impact that engineers have on society.
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A | Q statements
Q Statements Cardiff factors Man. factors
1 2 3 4 1 2
1. I don’t know how I would start going about
changing my household’s energy use
-1 -1 -2 -2 -1 3
2. The energy and utility tariffs are complicated
to understand
2 4 0 4 1 2
3. I’m too lazy to always turn off the lights or
TV
-3 1 -5 -1 -5 6
4. Even though there are government grants to
install renewable generation, it is still too ex-
pensive
0 3 1 2 2 0
5. I use as little energy as possible 0 2 1 -2 3 -4
6. I rather use multiple blankets or put on more
layers than turn up the heating
1 -2 1 0 2 -3
7. Old homes should be improved to modern
building standards
0 5 0 -1 1 3
8. I don’t know how much heating I use -1 3 -2 2 -2 5
9. Parents should ensure that their kids are
taught how to be energy efficient at home
3 0 3 1 3 2
10. I want to reduce my heating 0 2 0 1 2 3
Continued on next page
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A. Q statements
Table A.1 – Continued from previous page
Q Statements Cardiff factors Man. factors
1 2 3 4 1 2
11. Woman use most of the energy at home -3 3 1 -2 -2 -4
12. I don’t know how to control my heating ef-
ficiently
-2 1 -6 0 -2 -2
13. I’d like there to be more environmentally
friendly sources of energy
5 1 2 5 4 1
14. I want my energy use to be greener 3 0 3 5 3 1
15. I want to change how my household uses
energy
0 1 0 1 1 -2
16. We are too dependent on fossil fuels 4 -2 -1 2 1 6
17. The appearance of my home is more impor-
tant than being energy efficient
-5 -3 -3 -5 -5 -1
18. When I buy an appliance, I check the energy
ratings
1 0 2 0 0 -5
19. Trying to keep up with the neighbours is
more important than being energy efficient
-6 -4 -5 -6 -6 -4
20. People should pay the same ’per unit cost’
of energy regardless of how much they use
-1 0 -2 -1 0 -5
21. I’m concerned about the effect of energy use
on on the atmosphere
6 -1 1 4 4 3
22. I’d like to generate my own energy 1 0 2 1 0 0
23. I try and reduce my energy use to save
money
2 6 0 2 5 -1
24. The government is not doing enough about
improving energy use
5 -2 2 3 0 1
Continued on next page
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Table A.1 – Continued from previous page
Q Statements Cardiff factors Man. factors
1 2 3 4 1 2
25. We’re not using sunlight or wind effectively
as a nation
4 0 1 6 1 5
26. I switch energy tariffs regularly to get the
best deal
-4 -4 -3 -4 -2 -1
27. Protecting the environment is important to
me
6 1 4 5 6 3
28. I never really think about my household en-
ergy use
-4 -5 -4 -3 -5 -2
29. I think solar panels should be built into all
new properties
4 2 6 6 4 1
30. I was raised to not waste energy 0 2 3 0 3 1
31. It’s better to heat one room rather than the
whole home
1 -5 4 3 2 5
32. People tell me what I should do to conserve
energy, but they don’t actually do it themselves
-1 -2 0 0 -1 0
33. I leave lights on for appearances -3 -3 -3 -2 -4 2
34. The heating in my home isn’t thought out
properly
-1 0 -3 3 -1 -1
35. Teenagers are not serious about saving en-
ergy
-1 -1 1 -2 0 4
36. I try and conserve energy, but sometimes it’s
difficult to get other people to do the same
1 3 3 0 1 -2
37. It’s a balance between what you pay for en-
ergy and what it costs you to improve energy
efficiency
0 -3 2 -1 0 -1
Continued on next page
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Table A.1 – Continued from previous page
Q Statements Cardiff factors Man. factors
1 2 3 4 1 2
38. I’d like more information about my house-
hold’s energy use
0 1 -1 0 2 1
39. I try and conserve energy out of general
principle
4 4 5 0 5 -1
40. Families waste energy because of conve-
nience
1 5 2 3 0 2
41. Not enough communication being done
within households about energy issues
1 -1 4 -1 -1 0
42. I don’t believe in climate change -6 -3 0 -5 -6 -6
43. I think other people should be more aware
about their energy use
0 4 3 1 1 0
44. I would like my household energy use to be
more cost effective
2 6 4 3 5 2
45. Solar panels are changing the look of cities,
not in a nice way
-3 -1 -1 -3 -3 -2
46. I sometimes forget to turn the heating off -2 0 -6 -1 -2 4
47. Being energy efficient is about saving time -2 -1 -1 -3 -3 -3
48. I make a conscious effort to turn things off
at the socket
1 3 5 -3 3 -6
49. It’s our responsibility to look after the next
generation’s future
5 1 1 4 6 2
50. I’m happy with my energy costs -2 -6 -1 -4 -2 -3
51. I turn off lighting when not in the room 2 4 6 1 4 -5
52. Being energy efficient is a disruption to my
lifestyle
-5 -3 -4 -3 -4 -3
Continued on next page
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Table A.1 – Continued from previous page
Q Statements Cardiff factors Man. factors
1 2 3 4 1 2
53. As a society, we should be self sufficient with
our energy
3 0 0 4 1 0
54. The ever increasing number of gadgets is a
problem for energy efficiency
3 1 -1 2 0 4
55. Energy efficient bulbs are not good -4 -4 -5 -4 -4 -1
56. Being comfortable is more important than
saving energy
-2 -2 -1 -2 -3 4
57. Schools should be teaching more about en-
ergy efficiency to kids
3 2 5 -1 2 1
58. I don’t know if my energy use is above av-
erage or below average
-1 5 -1 2 -1 0
59. Modern technology, such as plasma screens,
are more important to me than being energy ef-
ficient
-5 -5 -4 -5 -3 1
60. I can afford my energy bills, so I’m not both-
ered about conserving energy
-4 -6 -3 -6 -4 0
61. I don’t usually think about how to be energy
efficient
-2 -1 -2 -1 -3 -2
62. Better insulation for my home means I can
keep the heating on for a longer time
-3 -4 -2 -4 -1 -4
63. I don’t trust the energy companies when
they say they will give you advice
2 -2 -2 1 -1 0
64. My house is very hard to heat -1 2 -4 1 0 -3
65. Nuclear energy is dangerous 2 -1 0 0 -1 -1
Table A.1: Q statements and factor arrays
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B | Census calculations
This Appendix shows the demographic variables and calculations used to determine the most typical
MSOAs that represent Manchester and Cardiff. This was achieved by standardising the census data
within each MSOA and then taking the difference between the MSOA data and the corresponding
city variable. The differences for all the variables were then summed, and the four areas with the
smallest total (i.e. smallest difference from city average) were selected.
• For Manchester, the most typical MSOAs were: 11, 30, 35, 42
• For Cardiff the most typical MSOAs were: 5, 10, 35, 46
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B. Census calculations
Table B.1: Manchester census calculations and data
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nd
en
t
O
ne
 fa
m
ily
 a
nd
 n
o 
ot
he
rs
: 
C
oh
ab
iti
ng
 c
ou
pl
e 
ho
us
eh
ol
ds
: 
N
o 
ch
ild
re
n
O
ne
 fa
m
ily
 a
nd
 n
o 
ot
he
rs
: 
C
oh
ab
iti
ng
 c
ou
pl
e 
ho
us
eh
ol
ds
: 
W
ith
 d
ep
en
de
nt
 c
hi
ld
re
n
O
ne
 fa
m
ily
 a
nd
 n
o 
ot
he
rs
: 
C
oh
ab
iti
ng
 c
ou
pl
e 
ho
us
eh
ol
ds
: 
Al
l c
hi
ld
re
n 
no
n-
de
pe
nd
en
t
O
ne
 fa
m
ily
 a
nd
 n
o 
ot
he
rs
: L
on
e 
pa
re
nt
 h
ou
se
ho
ld
s:
 W
ith
 
de
pe
nd
en
t c
hi
ld
re
n
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M
SO
A
D
em
og
ra
ph
ic
 v
ar
ia
bl
es
00
1
00
2
00
3
00
4
00
5
00
6
00
7
00
8
00
9
01
0
01
1
01
2
01
3
01
4
01
5
01
6
01
7
01
8
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
62
0.
22
1.
06
0.
74
0.
37
0.
21
0.
57
2.
18
0.
10
0.
93
0.
72
0.
07
0.
21
2.
25
0.
23
1.
26
0.
77
0.
86
O
th
er
 h
ou
se
ho
ld
s:
 A
ll 
st
ud
en
t
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
44
0.
43
0.
43
0.
41
0.
43
0.
35
0.
41
0.
35
0.
43
0.
38
0.
39
0.
41
0.
44
0.
01
0.
36
0.
10
0.
38
0.
07
O
th
er
 h
ou
se
ho
ld
s:
 A
ll 
pe
ns
io
ne
r
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
1.
45
0.
00
1.
67
0.
29
0.
07
0.
65
0.
94
1.
52
0.
65
0.
43
0.
72
2.
25
1.
45
2.
10
0.
65
1.
30
1.
45
0.
51
O
th
er
 h
ou
se
ho
ld
s:
 O
th
er
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
93
0.
72
1.
06
0.
92
1.
02
0.
70
0.
73
0.
33
0.
68
0.
26
0.
88
0.
92
0.
59
0.
16
0.
64
0.
23
0.
71
0.
36
Pe
rc
en
ta
ge
1.
22
0.
69
0.
21
0.
01
1.
33
0.
84
0.
58
0.
25
0.
52
0.
25
0.
06
0.
66
0.
17
1.
29
0.
99
0.
98
0.
93
0.
03
Pe
rc
en
ta
ge
0.
35
1.
13
0.
93
1.
05
1.
32
0.
65
0.
09
0.
16
0.
87
0.
82
0.
24
0.
64
0.
88
1.
80
0.
81
1.
71
0.
92
1.
01
Pe
rc
en
ta
ge
0.
02
0.
66
1.
04
0.
85
0.
30
1.
25
1.
30
0.
03
1.
02
0.
58
0.
90
0.
00
0.
76
1.
59
1.
53
1.
27
1.
59
0.
27
Pe
rc
en
ta
ge
0.
28
0.
31
0.
76
0.
15
1.
15
0.
62
1.
19
0.
50
0.
32
0.
47
0.
59
0.
37
0.
50
3.
95
0.
49
3.
86
0.
51
1.
34
Pe
rc
en
ta
ge
0.
66
0.
60
0.
67
0.
45
0.
73
0.
21
0.
73
1.
26
0.
70
0.
36
0.
56
0.
55
0.
60
1.
55
0.
58
0.
56
0.
56
0.
46
Pe
rc
en
ta
ge
0.
85
0.
75
0.
65
1.
02
0.
84
0.
72
0.
24
0.
26
0.
64
0.
33
0.
62
0.
74
0.
44
3.
14
0.
69
3.
73
0.
05
0.
14
Pe
rc
en
ta
ge
0.
04
0.
41
0.
41
0.
41
0.
41
1.
33
0.
41
0.
12
0.
12
6.
63
0.
08
0.
41
0.
04
0.
08
0.
41
0.
08
0.
12
0.
08
C
ou
nt
0.
41
0.
17
0.
18
0.
95
0.
39
0.
40
0.
12
0.
79
1.
04
0.
05
0.
22
0.
75
1.
69
0.
40
1.
23
1.
96
0.
41
1.
56
C
ou
nt
0.
82
0.
13
1.
80
0.
33
0.
70
0.
88
0.
33
0.
17
0.
24
0.
02
0.
51
0.
60
2.
61
1.
00
1.
16
1.
10
0.
43
0.
92
C
ou
nt
0.
39
0.
15
0.
11
0.
11
0.
24
0.
90
0.
33
0.
82
1.
18
0.
40
0.
74
0.
34
0.
56
4.
52
0.
86
3.
37
1.
03
1.
46
Av
er
ag
e 
ho
us
eh
ol
d 
si
ze
Pe
rs
on
s
R
at
e
0.
34
0.
09
0.
56
0.
17
0.
82
0.
43
0.
22
1.
47
1.
03
0.
34
0.
26
0.
13
0.
86
3.
40
0.
56
3.
10
0.
47
0.
90
R
oo
m
s
R
at
e
0.
19
0.
53
0.
08
0.
13
0.
96
0.
13
0.
61
0.
03
0.
58
0.
61
0.
05
0.
16
0.
77
3.
96
0.
40
3.
06
0.
27
1.
78
O
cc
up
an
cy
 ra
tin
g 
of
 -1
 o
r l
es
s
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
78
0.
93
0.
90
0.
55
0.
95
0.
54
0.
67
0.
78
0.
43
0.
27
0.
50
0.
50
0.
15
3.
94
0.
46
1.
82
0.
65
1.
55
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
74
0.
98
0.
62
0.
34
0.
69
1.
03
1.
65
1.
09
0.
30
0.
78
0.
24
0.
61
1.
32
1.
36
0.
17
0.
12
1.
54
1.
05
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
71
0.
44
0.
38
0.
44
0.
71
0.
12
0.
44
0.
53
0.
38
0.
26
0.
71
0.
71
0.
71
4.
08
0.
44
2.
09
0.
29
0.
71
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
61
0.
86
0.
49
0.
21
0.
54
1.
19
1.
89
1.
08
0.
20
0.
79
0.
10
0.
49
1.
28
0.
01
0.
02
1.
03
1.
72
1.
21
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
39
0.
51
0.
56
0.
42
0.
58
0.
59
0.
63
0.
01
0.
35
0.
05
0.
40
0.
40
0.
19
5.
05
0.
51
3.
51
0.
48
0.
86
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
65
0.
24
0.
83
0.
33
0.
63
0.
24
0.
50
0.
83
0.
71
0.
52
0.
39
0.
69
0.
79
1.
27
0.
81
0.
31
0.
11
0.
36
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
54
0.
51
0.
04
0.
17
1.
08
0.
42
1.
04
0.
29
0.
22
0.
12
0.
67
0.
55
0.
29
3.
90
0.
71
3.
35
0.
40
0.
63
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
44
0.
51
0.
53
0.
11
1.
20
0.
57
1.
13
0.
21
0.
09
0.
27
0.
69
0.
61
0.
37
3.
79
0.
54
3.
32
0.
55
0.
73
Lo
w
es
t f
lo
or
 le
ve
l; 
5t
h 
flo
or
 o
r h
ig
he
r
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
26
0.
41
2.
77
0.
03
0.
34
0.
41
0.
53
0.
39
0.
20
0.
35
0.
37
0.
28
0.
80
4.
04
0.
47
4.
23
0.
25
1.
00
To
ta
l
32
.9
9
30
.0
5
38
.9
9
32
.9
3
43
.9
4
27
.5
7
41
.0
6
34
.2
1
34
.3
4
34
.0
1
27
.5
7
36
.2
5
39
.9
0
10
3.
30
32
.6
9
90
.1
1
32
.7
4
44
.3
2
M
A
N
C
H
ES
TE
R
C
EL
LS
 A
R
E 
SH
A
D
ED
 W
H
EN
 T
H
EY
 A
R
E 
G
R
EA
TE
R
 T
H
AN
 1
 
(i.
e.
 th
e 
di
ffe
re
nc
e 
be
tw
ee
n 
ro
w
 v
al
ue
 a
nd
 M
an
ch
es
te
r v
al
ue
 is
 
gr
ea
te
r t
ha
n 
on
e 
st
an
da
rd
 d
ev
ia
tio
n)
M
SO
A
s 
co
m
pa
re
d 
ag
ai
ns
t M
an
ch
es
te
r a
ve
ra
ge
 u
si
ng
 s
ta
nd
ar
d 
de
vi
at
io
n
O
th
er
 h
ou
se
ho
ld
s:
 W
ith
 d
ep
en
de
nt
 
ch
ild
re
n
Ac
co
m
m
od
at
io
n 
ty
pe
: W
ho
le
 h
ou
se
 
or
 b
un
ga
lo
w
: D
et
ac
he
d
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: W
ho
le
 h
ou
se
 
or
 b
un
ga
lo
w
: S
em
i-d
et
ac
he
d
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: W
ho
le
 h
ou
se
 
or
 b
un
ga
lo
w
: T
er
ra
ce
d 
(in
cl
ud
in
g 
en
d 
te
rr
ac
e)
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: F
la
t; 
m
ai
so
ne
tte
 o
r a
pa
rtm
en
t: 
Pu
rp
os
e 
Bu
ilt
 b
lo
ck
 o
f f
la
ts
 o
r t
en
em
en
t
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: F
la
t; 
m
ai
so
ne
tte
 o
r a
pa
rtm
en
t: 
Pa
rt 
of
 a
 
co
nv
er
te
d 
or
 s
ha
re
d 
ho
us
e 
(in
cl
ud
in
g 
be
d-
si
ts
)
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: F
la
t; 
m
ai
so
ne
tte
 o
r a
pa
rtm
en
t: 
In
 
co
m
m
er
ci
al
 b
ui
ld
in
g
H
ou
se
ho
ld
 
Sp
ac
es
Ac
co
m
m
od
at
io
n 
ty
pe
: C
ar
av
an
 o
r 
ot
he
r m
ob
ile
 o
r t
em
po
ra
ry
 s
tru
ct
ur
e
H
ou
se
ho
ld
 
Sp
ac
es
Av
er
ag
e 
C
on
su
m
pt
io
n 
of
 D
om
es
tic
 
G
as
Ki
lo
w
at
t 
H
ou
rs
Av
er
ag
e 
C
on
su
m
pt
io
n 
of
 E
co
no
m
y 
7 
D
om
es
tic
 E
le
ct
ric
ity
Ki
lo
w
at
t 
H
ou
rs
Av
er
ag
e 
C
on
su
m
pt
io
n 
of
 O
rd
in
ar
y 
D
om
es
tic
 E
le
ct
ric
ity
Ki
lo
w
at
t 
H
ou
rs
Av
er
ag
e 
nu
m
be
r o
f r
oo
m
s 
pe
r 
ho
us
eh
ol
d
W
ith
 c
en
tra
l h
ea
tin
g 
an
d 
so
le
 u
se
 o
f 
ba
th
 / 
sh
ow
er
 a
nd
 to
ile
t
W
ith
ou
t c
en
tra
l h
ea
tin
g 
or
 s
ol
e 
us
e 
of
 b
at
h 
/ s
ho
w
er
 a
nd
 to
ile
t
W
ith
ou
t c
en
tra
l h
ea
tin
g;
 w
ith
 s
ol
e 
us
e 
of
 b
at
h 
/ s
ho
w
er
 a
nd
 to
ile
t
W
ith
 c
en
tra
l h
ea
tin
g;
 w
ith
ou
t s
ol
e 
us
e 
of
 b
at
h 
/ s
ho
w
er
 a
nd
 to
ile
t
Lo
w
es
t f
lo
or
 le
ve
l; 
Ba
se
m
en
t o
r 
se
m
i-b
as
em
en
t
Lo
w
es
t f
lo
or
 le
ve
l; 
G
ro
un
d 
le
ve
l 
(s
tre
et
 le
ve
l)
Lo
w
es
t f
lo
or
 le
ve
l; 
1s
t /
 2
nd
 / 
3r
d 
or
 
4t
h 
flo
or
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M
SO
A
D
em
og
ra
ph
ic
 v
ar
ia
bl
es
01
9
02
0
02
1
02
2
02
3
02
4
02
5
02
6
02
7
02
8
02
9
03
0
03
1
03
2
03
3
03
4
03
5
03
6
03
7
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
22
0.
85
1.
20
1.
31
1.
07
1.
77
0.
91
0.
58
0.
31
0.
21
1.
09
0.
30
0.
45
0.
74
1.
22
1.
43
0.
63
0.
49
1.
77
O
w
ne
r o
cc
up
ie
d:
 S
ha
re
d 
ow
ne
rs
hi
p
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
1.
33
0.
12
0.
03
0.
87
1.
24
0.
43
0.
58
1.
30
0.
75
1.
56
0.
84
0.
20
1.
36
0.
58
0.
12
0.
64
0.
64
0.
29
1.
07
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
11
1.
26
1.
10
0.
71
0.
57
0.
62
0.
60
0.
07
0.
94
1.
28
1.
46
0.
61
1.
35
0.
94
1.
30
1.
20
0.
82
0.
92
0.
97
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
1.
50
0.
08
0.
23
0.
64
1.
17
2.
21
1.
16
0.
41
0.
28
1.
23
0.
08
0.
53
0.
09
0.
82
0.
66
0.
11
0.
58
0.
33
0.
45
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
12
0.
52
0.
04
2.
00
0.
30
0.
37
0.
90
0.
96
0.
63
1.
28
0.
92
0.
03
1.
23
2.
61
0.
86
0.
20
0.
00
1.
91
0.
14
R
en
te
d 
fro
m
: O
th
er
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
0.
52
0.
59
1.
03
0.
21
0.
20
0.
16
1.
40
1.
37
0.
50
1.
00
1.
46
0.
02
0.
15
1.
54
2.
02
1.
45
0.
09
1.
13
1.
28
O
w
ne
r o
cc
up
ie
d:
 O
w
ns
 o
ut
rig
ht
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
1.
43
0.
94
1.
27
0.
57
0.
82
1.
01
0.
33
0.
70
0.
40
0.
17
0.
58
0.
47
0.
49
0.
30
1.
01
1.
53
0.
43
0.
20
0.
75
Pe
rs
on
s
Ye
ar
s
1.
81
0.
23
0.
91
1.
58
0.
45
0.
23
1.
13
1.
81
0.
45
0.
00
0.
23
0.
23
0.
23
2.
26
0.
45
0.
68
0.
68
1.
81
0.
68
M
ea
n 
ag
e 
of
 p
op
ul
at
io
n 
in
 th
e 
ar
ea
Pe
rs
on
s
Ye
ar
s
2.
40
0.
05
0.
37
1.
59
0.
01
0.
81
1.
36
1.
88
1.
06
0.
24
0.
14
0.
08
0.
66
2.
83
0.
14
0.
42
0.
37
1.
27
0.
50
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
33
1.
02
0.
82
0.
21
1.
17
1.
27
1.
30
0.
17
1.
02
0.
04
1.
28
0.
41
0.
77
1.
40
1.
20
1.
36
0.
08
1.
26
1.
34
D
w
el
lin
gs
Pe
rc
en
ta
ge
2.
52
0.
46
0.
34
1.
46
0.
77
1.
02
1.
26
0.
47
0.
40
0.
34
0.
99
0.
78
0.
24
1.
89
0.
17
0.
65
0.
38
1.
80
2.
40
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
21
0.
87
0.
60
0.
58
0.
93
0.
97
0.
93
0.
10
0.
89
0.
08
1.
90
0.
47
0.
59
1.
39
0.
91
2.
59
0.
50
1.
47
0.
63
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
78
0.
87
0.
84
0.
82
0.
91
0.
90
0.
88
0.
05
0.
91
0.
07
0.
09
0.
56
0.
78
0.
29
2.
03
0.
40
0.
51
0.
29
0.
17
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
76
0.
80
0.
69
0.
77
0.
82
0.
82
0.
75
0.
41
0.
77
0.
40
0.
29
0.
36
0.
73
0.
01
0.
38
0.
40
0.
09
0.
21
2.
35
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
60
0.
58
0.
58
0.
49
0.
60
0.
60
0.
55
0.
53
0.
59
0.
51
0.
37
0.
42
0.
56
0.
46
0.
24
0.
50
0.
58
0.
37
0.
00
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
35
0.
34
0.
36
0.
23
0.
40
0.
40
0.
38
0.
31
0.
40
0.
19
0.
26
0.
23
0.
40
0.
36
0.
04
0.
36
0.
36
0.
33
0.
27
D
w
el
lin
gs
Pe
rc
en
ta
ge
0.
81
0.
32
0.
81
0.
48
0.
81
0.
81
0.
81
3.
07
0.
48
0.
32
0.
81
0.
65
0.
81
2.
59
0.
32
0.
81
0.
32
0.
81
0.
81
O
ne
 p
er
so
n:
 P
en
si
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er
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
2.
28
0.
15
0.
10
1.
82
0.
86
0.
45
0.
85
0.
88
1.
15
1.
43
0.
42
0.
10
0.
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1.
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15
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22
0.
57
0.
29
O
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 p
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so
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th
er
H
ou
se
ho
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s
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en
ta
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1.
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0.
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0.
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35
0.
29
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04
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0.
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0.
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0.
47
0.
69
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13
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0.
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36
H
ou
se
ho
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s
Pe
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ta
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83
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39
1.
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13
1.
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0.
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0.
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34
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29
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1.
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0.
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0.
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0.
05
0.
67
0.
17
H
ou
se
ho
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s
Pe
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ta
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1.
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1.
36
0.
44
1.
78
0.
97
1.
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0.
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51
0.
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0.
34
1.
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0.
67
0.
84
0.
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1.
57
H
ou
se
ho
ld
s
Pe
rc
en
ta
ge
1.
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0.
13
0.
82
0.
13
0.
89
1.
09
0.
43
0.
12
1.
44
0.
16
0.
62
0.
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0.
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0.
71
0.
76
1.
73
0.
36
0.
99
0.
55
H
ou
se
ho
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s
Pe
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en
ta
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03
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Table B.2: Cardiff census calculations and data
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B. Census calculations
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C | Q study factor loadings
Cardiff Factors Manchester Factors
Qsort 1 2 3 4 Qsort 1 2
C1HTY1 0.7068X 0.2671 0.2048 −0.2048 M1HOY1 0.7019X 0.342
C1HOY2 0.7661X 0.2399 −0.1937 0.1937 M1HOO2 0.2943 0.1681
C1HOY3 0.6260X 0.3757 −0.2308 0.2308 M1HOY3 0.7937X −0.0968
C2HOY4 0.4626X 0.2787 0.2251 −0.2251 M1HTY4 0.6904X −0.0984
C1HOY5 0.18 0.5455X −0.1022 0.1022 M1FTO5 0.2745 0.2602
C1HOY6 0.6971 0.1962 0.2818X −0.2818 M1HTY6 0.6609X 0.0564
C1HOY7 0.7977X 0.083 0.236 −0.236 M1HTY7 0.6150X 0.1629
C2HOY8 0.3548 0.4679X −0.245 0.245 M1HTY8 0.5096X 0.1729
C2HTY9 0.4028X 0.1311 −0.034 0.034 M2HOO9 0.4855 0.4702
C1HOY10 0.3038 0.4632X 0.0646 −0.0646 M3HTY10 −0.0529 0.7494X
C1HOY11 0.5695X 0.225 −0.2223 0.2223 M2HOY11 0.4713 0.4969
C2HOY12 0.7549X 0.1582 −0.0357 0.0357 M2HOY12 0.2389 0.4386X
C2HOY13 −0.1006 −0.1848 0.1657 −0.1657 M2FTY13 0.6272 0.4946
C2HTY14 0.4971 0.358 −0.288 0.2880X M2HOY14 0.6752 0.4383
C2HTY15 0.8362 0.2152 −0.3362 0.3362X M2HOY15 0.6266X 0.3505
C1HOY16 0.7354X 0.2686 −0.0693 0.0693 M2HOY16 0.6036X 0.2083
C1HOY17 0.8918X −0.0388 0.1312 −0.1312 M2HOO17 0.8025X 0.0721
C1HOY18 0.8690X 0.1059 −0.1248 0.1248 M3HTY18 0.4877 0.4628
Continued on next page
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C. Q study factor loadings
Table C.1 – Continued from previous page
Cardiff Factors Manchester Factors
Qsort 1 2 3 4 Qsort 1 2
C2HTY19 0.3896 0.4491X −0.1767 0.1767 M3HOY19 0.4143 0.591
C1HOY20 0.6011 0.452 −0.1813 0.1813 M3HOO20 0.4857 0.4583
C3FTY21 0.5065 0.4242 0.1956 −0.1956 M2FTO21 −0.055 0.3728X
C2HOY22 0.5849 0.2143 −0.338 0.3380X M2HOY22 0.4398X 0.3314
C2HOY23 0.8487X 0.0944 −0.008 0.008 M2HOY23 0.6452X 0.2344
C1HTY24 0.8074X 0.1921 0.0389 −0.0389 M2HOY24 0.6323X 0.1226
C3HOY25 0.5543 0.4987 0.0474 −0.0474 M1HOY25 0.5949 0.3996
C3HOY26 0.4940X 0.3657 −0.1379 0.1379 M3HOO26 −0.3191 0.6026X
C3FOO27 0.6256X 0.345 0.1792 −0.1792 M1HTY27 0.5816X 0.1197
C3HOO28 0.6715 0.4219 0.2317 −0.2317 M2HOY28 0.5953X 0.2415
C3HOY29 0.7808X 0.2196 −0.0534 0.0534 M3HOY29 0.6439X 0.3069
C4HOY30 0.554 −0.0459 0.3009X −0.3009 M4HOO30 0.0688 0.3714X
C4HOY31 0.6731 0.4089 0.2082 −0.2082 M3HTY31 0.5572X 0.1902
C2HOY32 0.7022X 0.1821 −0.1779 0.1779 M4FOO32 0.6262X 0.2707
C3HOO33 0.6194X 0.3176 0.137 −0.137 M3HTY33 0.4333 0.7265
C4HOY34 0.6918X 0.2246 0.1496 −0.1496 M3HOO34 0.6497X 0.1197
C3FTY35 0.8220X 0.0412 0.104 −0.104 M3HOO35 0.6966X 0.1762
C4HOY36 0.4576 0.4588 −0.2687 0.2687X M4HOY36 0.5637X 0.237
C3HOO37 0.5397X 0.3666 0.2002 −0.2002 M4HTY37 0.4453 0.5388
C4HTY38 0.6778 0.0327 −0.3847 0.3847X M4HOO38 0.6249X −0.0582
C4HOY39 0.8554X −0.0723 −0.0997 0.0997 M4HOY39 0.5967 0.5039
C4HTY40 0.6665X 0.0914 −0.1141 0.1141 M4HOY40 0.6820X 0.3135
C4HOY41 0.2948 0.4112 0.2941X −0.2941 M3HTO41 0.6845 0.3786
C3HOY42 0.7252X 0.1467 −0.1374 0.1374 M3HTY42 0.4981 0.4245
C3HOY43 0.7860X 0.2277 −0.0282 0.0282 M3HTY43 0.7403X 0.3644
Continued on next page
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Table C.1 – Continued from previous page
Cardiff Factors Manchester Factors
Qsort 1 2 3 4 Qsort 1 2
C4FOY44 0.5674X 0.3364 −0.1926 0.1926 M4HOY44 0.6401 0.4403
C4FTY45 0.0408 0.5981X 0.0128 −0.0128 M4HOO45 0.7884X 0.3142
M4HOO46 0.6395X 0.288
%expl.Var. 40 10 4 4 %expl.Var. 33 14
Table C.1: Factor loadings
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C. Q study factor loadings
216
D | Winter and summer survey data
This Appendix compares the returned winter survey results with the summer equivalent. The green
shading highlights which statements between summer and winter were in agreement. A bright
green indicates winter statements that overlap with +6 summer statements, the mid-green indi-
cates winter overlap with +5 summer, and the dark brown-green indicates overlap with +4. The
responses to the other questions in the winter survey are shown in short hand for context.
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D. Winter and summer survey data
Table D.1: Manchester winter versus summer survey results
M
A
N
C
H
ES
TE
R
 R
ET
U
R
N
ED
 S
U
R
VE
YS
+6
+5
+4
-6
-5
-4
ID
Q
ue
st
io
n 
1 
(th
ou
gh
ts
)
Q
ue
st
io
n 
5 
(r
ea
so
ns
)
W
in
te
r A
gr
ee
Su
m
m
er
 A
gr
ee
W
in
te
r D
is
ag
re
e
Su
m
m
er
 D
is
ag
re
e
15
N
ot
hi
ng
 to
 c
ha
ng
e
2
1
2
13
24
38
57
2
57
9
16
29
14
23
38
39
19
42
45
50
65
42
45
19
52
65
11
33
47
55
22
To
 s
av
e 
re
so
ur
ce
s
0
2
W
ou
ld
 li
ke
 to
 h
el
p
-
-
-
-
-
-
-
-
-
-
40
1
1
1
2
4
34
49
53
65
14
27
51
22
25
29
39
11
19
42
52
60
55
60
28
42
45
19
33
52
61
29
2
2
16
18
30
39
54
30
51
16
18
27
2
39
48
49
3
11
52
59
19
47
17
52
59
3
12
35
62
1
1
1
12
22
25
49
51
29
44
2
4
13
1
21
23
27
3
17
19
42
60
33
56
17
42
60
18
19
55
61
34
N
o
1
0
6
30
31
48
57
6
50
16
48
49
9
20
41
51
17
19
42
60
62
17
19
3
33
42
12
55
59
61
16
2
1
BL
AN
K
2
13
16
20
39
13
39
16
27
29
20
21
49
53
11
12
17
28
42
55
58
47
61
62
42
45
63
65
26
4
0
be
ca
us
e 
ag
re
e 
or
 d
is
ag
re
e 
na
tu
ra
lly
3
17
30
56
60
30
59
3
33
56
17
26
31
54
5
18
20
23
48
42
48
18
51
58
5
36
62
64
11
2
1
16
21
24
37
39
16
21
22
24
27
14
38
39
49
20
33
42
48
52
17
42
26
52
55
28
37
56
57
14
2
1
6
10
39
49
49
57
24
43
53
7
16
25
27
17
19
42
56
60
33
42
8
11
17
26
46
60
64
18
3
1
16
20
21
63
65
29
44
23
51
63
8
21
46
49
6
19
26
42
50
42
50
5
18
19
6
33
59
62
33
2
2
7
13
14
27
54
21
27
13
16
25
9
39
49
53
11
17
18
42
48
42
60
20
26
48
11
17
18
19
37
1
1
9
14
16
25
39
34
44
21
25
65
13
23
38
64
7
26
28
45
52
5
42
50
55
60
19
28
37
48
39
U
se
 a
s 
m
uc
h 
as
 n
ee
de
d
2
1
13
22
39
51
65
49
65
2
21
25
16
39
57
63
3
11
42
59
60
42
60
19
50
52
11
35
40
59
Q
ue
st
io
n 
2 
(m
ot
iv
at
io
n 
&
 
ba
rr
ie
r)
Q
 3
 
(fr
eq
)
Q
 4
 
(h
ea
t)
M
ak
e 
ef
fo
rt 
bu
t d
o 
no
t g
o 
w
ith
ou
t j
us
t t
o 
sa
ve
D
 –
 th
at
 c
lim
at
e 
ch
an
ge
 is
 n
ot
 re
al
, 
an
d 
en
er
gy
 c
os
ts
 a
re
 re
a
A
 –
 th
at
 g
ov
 is
n'
t d
oi
ng
 e
no
ug
h
D
oi
ng
 b
es
t t
o 
co
ns
er
ve
 
be
ca
us
e 
of
 b
ud
ge
t c
on
st
ra
in
ts
En
er
gy
 b
ill
 is
 h
ig
h 
bu
t t
ry
in
g 
to
 c
on
se
rv
e
en
er
gy
 u
se
 re
as
on
ab
le
, p
ric
es
 
to
 p
la
ce
. H
ou
se
 it
se
lf 
is
 b
ar
rie
r 
to
 m
or
e 
re
tro
fit
s
A
 –
 re
fle
ct
 fr
us
tra
tio
n 
w
ith
 e
ne
rg
y.
 
P
ow
er
le
ss
D
 –
 o
nl
y 
fo
ol
s 
w
ou
ld
 a
gr
ee
Tr
y 
to
 b
e 
ec
on
om
ic
al
, b
ut
 
ha
rd
 w
ith
 h
ea
tin
g
lik
e 
to
 b
e 
be
tte
r i
ns
ul
at
ed
 b
ut
 
ba
rr
ie
rs
 m
on
ey
 a
nd
 h
us
ba
nd
 
re
si
st
an
t
S
ta
te
m
en
ts
 th
at
 re
fle
ct
 v
ie
w
. T
oo
 d
ep
. 
O
n 
fo
ss
il 
fu
el
s 
an
d 
sh
ou
ld
 b
e 
m
or
e 
en
er
g 
ef
f
ga
s 
ce
nt
ra
l h
ea
tin
g 
is
 
ef
fic
ie
nt
 a
nd
 e
as
y 
to
 
m
an
ag
e,
 a
nd
 tr
y 
ov
er
al
l
w
an
ts
 s
ol
ar
 b
ut
 c
an
t a
ffo
rd
 if
 o
n 
be
ne
fit
s 
th
en
 s
av
e 
m
on
ey
 
ca
us
e 
co
un
ci
l d
oe
s 
fre
e
D
 –
 a
pp
ea
ra
nc
e 
do
n'
t m
ea
n 
m
uc
h,
 
w
ho
 c
ar
es
A
 –
  g
en
er
at
e 
ow
n 
en
er
gy
H
ap
py
 s
in
ce
 e
ne
rg
y 
is
nt
 
w
as
te
d 
in
 h
ou
se
ho
ld
B
ro
ug
ht
 u
p 
to
 n
ot
 w
as
te
 th
in
gs
, s
o 
ev
en
 in
 g
oo
d 
fin
an
ce
s 
do
nt
 w
an
t t
o 
w
as
te
 e
ne
rg
y
Es
se
nt
ia
l a
nd
 c
on
vi
ni
en
t, 
bu
t 
ex
pe
ns
iv
e
lo
w
 e
ne
rg
y 
bu
lb
s 
ar
e 
ex
pe
ns
iv
e 
an
d 
no
t a
s 
br
ig
ht
, w
an
t 
so
la
r/w
in
d 
bu
t c
os
t
U
se
 a
s 
lit
tle
 a
s 
ne
ce
ss
ar
y,
 
bu
t l
ea
ve
 li
gh
ts
 o
n 
an
d 
us
e 
a 
lit
tle
 to
o 
m
uc
h 
he
at
in
g
go
od
 fi
na
nc
e,
 d
on
t c
ar
e 
ab
ou
t 
re
du
ci
ng
Tr
y 
to
 b
e 
ef
fic
ie
nt
 a
nd
 u
se
 
m
in
im
al
 a
m
ou
nt
M
ov
in
g 
ho
us
e 
so
on
 s
o 
no
 n
ee
d 
to
 in
ve
st
, e
xp
en
si
ve
 c
en
tra
l 
he
at
in
g 
an
d 
do
ub
le
 g
l
A
 –
 g
lo
ba
l w
ar
m
in
g 
m
aj
or
 th
re
ad
, s
o 
go
v 
sh
ou
ld
 b
e 
do
. M
D
 –
 N
ot
 a
 d
is
ru
pt
io
n 
to
 lf
es
ty
le
Tr
y 
to
 k
ee
p 
it 
do
w
n 
be
ca
us
e 
of
 e
nv
iro
nm
en
t a
nd
 c
os
ts
. 
W
ea
r e
xt
ra
 c
lo
th
es
M
ay
be
 u
se
 m
ic
ro
w
av
e 
to
 c
oo
k 
in
er
tia
 k
ee
ps
 m
e 
fro
m
 c
he
ck
in
g
A
 –
 m
ai
nl
y 
ar
ou
nd
 p
er
so
na
l a
ct
io
ns
D
 –
 a
re
 m
ai
nl
y 
to
o 
ge
ne
ra
l
P
.S
. M
or
e 
ef
fo
rt 
ne
ed
ed
 fo
r m
ar
in
e
N
ow
 li
ve
 in
 h
ou
si
ng
 a
ss
oc
 
fla
t. 
Bi
ll 
in
cl
ud
ed
 in
 re
nt
 a
nd
 
bi
g 
re
lie
f. 
Au
to
 h
ea
tin
g
W
ou
ld
 li
ke
 a
bi
lit
y 
to
 s
et
 o
w
n 
us
ag
e
TO
O
 M
U
C
H
 A
N
SW
ER
 T
O
 W
R
IT
E 
H
ER
E
H
ou
se
 n
ee
ds
 to
o 
m
uc
h 
he
at
, 
el
ec
 c
oo
ke
r s
lo
w
, w
ou
ld
 li
ke
 
su
pp
lie
rs
 to
 g
o 
re
ne
w
ab
le
As
 te
na
nt
, c
an
't 
ch
an
ge
 m
uc
h 
pr
ef
er
 g
as
 c
oo
ke
r a
nd
 
in
ve
st
ig
at
e 
in
su
la
tio
n
A
 –
 h
um
an
 c
on
s 
is
 a
 p
ro
b 
du
e 
to
 
en
vi
ro
 b
ut
 g
ui
lty
 o
f n
ot
 d
oi
ng
 e
no
ug
h
D
 –
 p
ro
bl
em
s 
sh
ou
ld
 b
e 
ta
ck
le
d 
by
 
co
ns
um
er
 (n
o 
sh
ou
ld
 b
e 
go
v)
Bi
g 
ho
us
e 
an
d 
vi
ct
or
ia
n 
so
 
ha
rd
er
 a
nd
 e
xp
 to
 h
ea
t. 
Fe
el
 
be
tte
r a
fte
r a
nn
ua
l s
er
vi
ce
R
ep
la
ce
 c
hi
m
 a
nd
 g
et
 fl
ue
 li
ne
d 
ne
ed
ed
 fo
r s
af
et
y 
an
d 
sa
ve
 
he
at
W
as
n'
t a
bl
e.
 F
el
t a
ns
w
er
s 
w
er
e 
to
o 
ar
bi
tra
ry
W
al
l i
ns
ul
ai
on
 b
et
te
r c
on
tro
l o
f 
he
at
in
g 
be
ca
us
e 
sa
ve
 e
ne
rg
y,
 
ba
rr
ie
r t
im
e,
 c
os
t, 
an
d 
ef
fo
rt
S
av
e 
en
vi
ro
nm
en
t, 
do
n'
t l
ik
e 
w
as
tin
g 
re
so
ur
ce
s,
 b
ei
ng
 s
el
f-s
uf
fic
ie
nt
Continued on next page
218
Table D.1 – Continued from previous page
M
A
N
C
H
ES
TE
R
 R
ET
U
R
N
ED
 S
U
R
VE
YS
+6
+5
+4
-6
-5
-4
ID
Q
ue
st
io
n 
1 
(th
ou
gh
ts
)
Q
ue
st
io
n 
5 
(r
ea
so
ns
)
W
in
te
r A
gr
ee
Su
m
m
er
 A
gr
ee
W
in
te
r D
is
ag
re
e
Su
m
m
er
 D
is
ag
re
e
44
0
3
13
18
30
37
63
18
63
23
30
44
21
27
39
49
19
26
28
42
60
11
42
19
47
60
28
35
45
50
Q
ue
st
io
n 
2 
(m
ot
iv
at
io
n 
&
 
ba
rr
ie
r)
Q
 3
 
(fr
eq
)
Q
 4
 
(h
ea
t)
W
or
ry
 a
bo
ut
 u
si
ng
 to
 m
uc
h 
in
 te
rm
s 
of
 e
nv
iro
 re
sp
. a
nd
 
co
st
M
ak
e 
ho
us
e 
m
or
e 
en
er
 e
ff.
 B
ut
 
lim
ite
d 
to
 c
os
t a
nd
 c
on
fil
ct
in
g 
ad
vi
ce
. L
ik
e 
to
 b
e 
se
lf-
su
ffi
ce
nt
 
bu
t w
or
rie
d 
ab
ou
t a
ge
 a
nd
 
ou
tla
y
Lo
ok
ed
 fo
r t
ho
se
 I 
fe
lt 
ne
ar
es
t t
o 
10
0%
 c
er
ta
in
 a
bo
ut
219
D. Winter and summer survey data
Table D.2: Cardiff winter versus summer survey results
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